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INTRODUCTION, 


CONTAINING 


A Brief Account of the SoLAR 
SYSTEM, and of the FIXED 
STARS. 


— 
_ 


I. 


Of the Order and Periods of the Primary 
Planets revolving about the Sun; and 
of the Secondary Planets round their re- 
ſpective Primaries. 


NN HE Sun is placed in the midſt 
ET > of an immenſe ſpace, wherem 
NN N ſix opaque ſpherical bodies re- 

volve about him as their center. 
Theſe wandering globes are called the 


Planets, who, at different diſtances, pe 


B and 
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and in different periods, perform their 
revolutions from Weſt to Eaſt, in the 
following order: 


I. $ Mercury is neareſt to the Sun of 


all the planets, and performs its courſe 


in about three months. 2. 7 Venus in 
about ſeven months and a half. 3. @ 
The Earth in a year. 4. s Mars in 
about two years. 5. 1 Jupiter in twelve. 
And laſtly, & Saturn, whoſe *Orbit in- 
cludes all the reſt, ſpends almoſt 30 years 
in one revolution round the Sun. The 
diſtances of the Planets from the Sun 
are nearly in the ſame proportion as 
they are repreſented in Plate 1. vix. 
Suppoſing the diſtance of the Earth 
from the Sun to be divided into 10 
equal parts; that of Mercury will be 
about 4 of theſe parts; of Venus 7; of 
Mars 15; of Jupiter 52; and that of 
Saturn 95. 


The 


The Characters placed before the names of the Pla- 
nets, are for brevity's ſake commonly made uſe of by 
Aſtronomers, inſtead of the words at length, as y , for 
Fans, &C, | 


By the Orbit of a Planet is commonly underſtood 
the Tra& or Ring, deſcribed by its Center round the 
San, but by the Plane of the Orbit is meant a flat Sur- 
face extended every way thro' the Orbit infinitely. 
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Se. 1. Of the SOLAR SYSTEM. 


The orbits of the Planets are not all 
in the ſame plane, but variouſly inclined 
to one another; ſo that ſuppoſing one 
of them to coincide with the above 
ſcheme, the others will have one half 
above, and the other half below 1t; in- 
terſecting one another in a line paſſing 
through the Sun. 'The plane of the 
Earth's orbit is called the Ecliptic; and 
this the aſtronomers make the ſtand- 
ard to which the planes of the other 
orbits are judged to incline. The 
right line paſſing thro' the Sun, and 
the common interſection of the plane 
of the orbit of any planet and the E- 


cliptic, is called the Line of the Nodes Nede:: 


of that planet; and the points them- 
ſelves, wherein the orbit cuts the Echp- 
tic, are called the Nodes. 


The inclinations of the orbits of the 
Planets to tlie plane of the ecliptic, are 
as follows, viz. the orbit of Mercury 
makes an angle with it of almoſt 7 de- 
grees; that of Venus ſomething above 34 
degrees; of Mars a little leſs than 2 
degrees; of Jupiter, 1+ degree; and 
of Saturn, about 2; degrees. The 
orbits of the Planets are not circles, but: 
ellipſes or ovals. What an ellipſis is, 
may be caſily underſtood from the 

B 2 follow - 
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following deſcription. Imagine two 
ſmall pegs fixed upright on any plane, 
and ſuppoſe them tied with the ends of 
a thread ſomewhat longer than their 
diſtance trom one another: Now if a 
pin be placed in the double of the thread 
and tu ned quite round (always ſtretch- 
ing the thread with the ſame force) the 
curved deſcribed by this motion is an 
Ellis. The two points where the 
pegs ſtood, (about which the thread 
was turned) are called the focz of that 
ellipſis; and if, without changing the 
length of the thread, we alter the 
poſition of the pegs, we ſhall then have 
an ellipſis ot a different kind from the 
former; and the nearer the focus's are 
together, the nearer will the curve de- 
icribed be to a circle; until at laſt, the 
two focus's coincide, and then the pin in 
the doubling of the thread will deſcribe 
a perfect circle, The orbits of all the 
Planets have the Sun in one of their 


focus's, and half the diſtance between 


the two focus's is called the Excentri- 
city of the orbits. This excentricity 
is different in all the planets, but in 
moſt of them fo ſmall, that in little 
ichemes or inſtruments, made to repre- 
ſent the planetary orbits, it need not be 
conſidered. 


The 
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The ſix Planets above- mentioned, 
are called Primaries, or Primary Pla-Primo:; 
nets; but beſides theſe, there are © | Wm 
other Icfler Planets, which are called 
Secondaries, Moons, or Satellites. TheſeSronaary 
moons always accompany their re- 
ſpective primaries, and perform their 
Revolutions round them, whilſt both 
together are alſo carried round the Sun. 
Of the ſix Primary Planets, there are 
but three, as far as obſervation can aſ- 
ſure us, that have theſe attendants, 278. 
the Earth, Jupiter, and Saturn. 


The Earth is attended by the Moon, 
who performs her revolution in about 
27% Days, at the diſtance of about 30 
Diameters of the Earth from it; and 
once a Year 1s carried round the Sun 
along with the Earth. 


Jupiter has four Mcons, or Satellites; 7.pinrts 
the firſt, or innermoſt, performs its! 
revolution in about one Day, and 1 
Hours, at the diſtance of 53 Semidia- 
meters of Jupiter, from his Center; 
the ſecond revolves about Jupiter in 3 
Days, 13 Hours, at the diſtance of 9 
of his Semidiameters; the third in 7 
Days, and 4 Hours, at the diſtance of 
145 Semidiameters; the fourth, and out- 

B 3 erms/t, 


Saturn 
has five 


Moons, 


aturn's 
ing. 
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ermoſt, performs its courſe in the ſpace 
of 16 Days, 17 Hours; and 1s diſtant 
from Jupiter's center, 2 54 of his Semi- 
diameters. 


Saturn has no leſs than five Satellites; 
the fir/t, or innermoſt, revolves about 
him in 1 Day, and 21 Hours, at the diſ- 
tance of 4: Semidiameters of h, from 
his center; the /econd compleats his 
period in 24 Days, at the diſtance of 
52 of his Semidiameters; the 7hird, in 
about 4: Days, at the diſtance of 8 
Semidiameters; the fourth performs its 
courſe in about 16 Days, at the diſ- 
tance of 18 Semidiameters; the fifth, and 
outermoſt, rakes 79% Days, to finiſh his 
coui ſe, and is 54 Semidiameters of Sa- 
turn diſtant from his center. The Sa- 
tellites, as well as their primaries, per- 
form their revolutions from Veſt to 
Eaſt: The planes of the Orbits of the 
Satellitcs of the ſame Planet are vari- 
ouſly inclined to one another, and con- 
{quently are inclined to the plane of 
the Orbit of their primar. 


Beſides theſe attendants, Saturn is en- 
compaſſed with a thin plain Ring, that 


does no whe. e touch his body: The di- 


ameter of this Ring is to the diameter 
6. 447 þ 4 | 6 4 Sow AY of 
Cos 
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of Saturn, as 9 to 4; and the void ſpace 
between the Ring and the body of Saturn 
is equal to the breadth of the Ring 1t- 
ſelf; ſo that in ſome ſituations the Hea- 
vens may be ſeen between the Ring and 
his body. This ſurprizing phenomenon. 
of Saturn's Ring, is a modern diſcovery; 
neither were the Satellites of Jupiter 
and Saturn known to the ancients. 
The Jovial Planets were firſt diſcovered 
by the famous Talian philoſopher Ga- 
lilæus, by a teleſcope which he firſt in- 
vented; and the celebrated Caſſini, the 
French king's aſtronomer, was the firſt 
that ſaw all the Satellites of Saturn; 
which by reaſon of their great diſtances 
from the Sun, and the ſmallneſs ot their 
own bodies, cannot be ſeen by us, but 
by the help of very good glaſſes. 


The motion of the primary Planets A4zaue/ 
round the Sun (as alſo of the Satellites Mn. 


round their reſpective primaries) is cal- 
led their Annual Motion; becauſe they 
have one Year, or alteration of Seaſons 
compleat, in one of theſe revolutions. 
Beſides this annual motion, four of the 
_ Planets, viz. Venus, the Earth, Mars, and 
Jupiter revolve about their own Axis, from 


Weſt to Eaſt; and this is called their Di- Djuree! 
anal Motion. For by this rotation, each Morin. 


B 4 point 
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point of their ſurfaces is carried ſucceſ- 
ſively towards or from the Sun, who al- 
ways illuminates the hemiſphere which 
is next to him, the other remaining ob- 
ſcure; and while any place is in the 
hemiſphere, illuminated by the Sun, it 
| is Day, but when it 1s carried to the 
1 obſcure hemiſphere, it becomes Night; 
i and fo continues, until by this rotation 
the ſaid place 1s again enlightened by 
FVV 


Diurnal The Earth performs its revolution 
Motion round its axis in 23 Hours, 56 Minutes; 
and 2, Venus, in 24 Days, 8 Hours; Mars, in 
C and A. % I. 4 YS, 3 5 
224 Hours, and 40 Minutes; and Jupiter 
moves round his own axis in 9 Hours, 
Sand » and 56 Minutes. The Sun alſo is found 
ukewie to turn round his axis from Weſt to 
theiraxis Eaſt, in 27 Days: And the Moon, which 
Is neareſt to us of all the Planets, re- 
volves about her axis in a Month, or in 
the fame ſpace of time that ſhe turns 
V round 


N. B. According to Piachini's Obſervations, Venus's 
axis inclines 75 degrees from the perpendicular to the 
plane of the Eeliptic (which is 31 deg. more than the 
axis of our Earth) her Tropics ate only 15 deg. from 
her Poles, and her Polar Circles at the fame diſtance 
from her Eguator; ſo that the Sun's greateſt Declination 
bn each ſide of her Eguator is 75 deg. by which the 
muit undergo a much greater variety of ſeaſons thaw 
we do on onr Earth. | OY 
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round the Earth; ſo that the Lunarians 
have but 1 Day throughout the Year. 


I. The Planets are all Opaque bodies, The Pla- 
having no light but what they borrow tz are 
from the Sun; for that fide of them n Ge 
which is next towards the Sun, has a[-bular. 
ways been obſerved to be illuminated, 
in what poſition ſoever they be; but the 
oppoſite fide, which the Solar rays do 
not reach, remains dark and obſcure; 
whence it 1s evident that they have no 
light but what proceeds from the Sun; 
for if they had, all parts of them would 
be lucid, without any darkneſs or ſha- 
dow. The Planets are likewiſe proved 
to be Globular; becauſe let what part 
ſoever of them be turned towards the 
Sun, its boundary, or the line ſeparat- 
ing that part from the oppoſite, always 
appears to be circular; which could not 
happen, it they were not globular. 


II. That the Earth 1s placed betwixt The Pia- 


the Orbs of Mars and Venus, and that“ dus 
| ? round the 
$,92,4,U, and h, do all turn round sun. 


the Sun, 1s proved from obſervations as 
tollow : 


1. Whenever Venus is in conjunction 
with the Sun, that is, when ſhe is in the 
ſame 
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ſame direction from the Earth, or to- 
wards the ſame part of the Heavens the 
Sun 1s in; ſhe either appears with a 
bright and round face, like a Full Moon, 
or elſe diſappears: Or, if ſhe is viſible, 
ſhe appears horned, like a new Moon; 
which phænomena could never happen 
if 2 did not turn round the Sun, and 
was not betwixt him and the Earth: 
For fince all the Planets borrow their 
light from the Sun, it is neceſſary that 
2s lucid face ſhould be towards the 
Sun; and when ſhe appears fully illu- 
minated, ſhe ſhews the ſame face to the 
Sun and Earth; and at that time ſhe 
muſt be above or beyond the Sun; tor 
in no other poſition could her illumi- 
nated face be ſeen from the Earth. 
Farther, when ſhediſappears, or if viſible, 
appears horned; that face of her's which 
is towards the Sun is either wholly turn- 
ed from the Earth, or only a ſmall part 
of 1t can be ſeen by the Earth; and in 
this caſe ſhe muſt of neceſſity be betwixt 
us and the Sun. Let S be the Sun, T 
the Earth, and V Yenus, having the ſame 
face preſented both towards the Sur 
and Earth; here it is plain that the Sun 
is betwixt us and Venus, and therefore 
we muſt either place Venus in an Orbit 
round the Sun, and likewiſe betwixt 2 
and 
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and us, as in Fig. 1. or elſe we muſt 
make the Sun to move round the Earth 
in an Orbit within that of Venus, as in 
Fig. 2. Again, after Venus diſappears, 


or becomes horned, at her* 4 with the 


©, ſhe then muſt be betwixt us and the 
Sun, and muſt move either in an Orbit 
round the Sun and betwixt us and him, 


as in Fig. 1. or elſe round the Earth, 


and betwixt us and the Sun, as in Fig. 2. 
But Venus cannot move ſometimes within 
the Sun's Orbit, and ſometimes without 
it, as we mult ſuppoſe if ſhe moves 
round the Earth; therefore it 1s plain 
that her motion 1s round the Sun. 


Beſides the forgoing, there 1s another 
argument to prove that Venus turns round 
the Sun in an Orbit that is within the 
Earth's, becauſe ſhe is always obſerved 
to keep near the Sun, and in the ſame 
quarter of the Heavens that he is in, 
never receding from him more than 
about + of a whole circle; and there- 
fore ſne can never come in oppoſition 
to him; which would neceſſarily hap- 
pen, did ſhe perform her courſe round 
the Earth either in a longer or ſhorter 
time than a Year. And this is the 
Ik | reaſon 


* & 1s a mark commonly uſed for conjunction: thu: 
3 with the O, is to be read conjunction with the Sun. 


* . 
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Why . reaſon why Venus is never to be ſeen 
uns al. near midnight, but always either in the 
ys ei- a ; 
ther our Morning or Evening, and at moſt not 
Morning above three or tour Hours before Sun- 
ing Star, Tiſing or after Sun-ſetting. From the 
time of $ 8 ſuperior conjunction (or 
when the is above the Sun) ſhe is more 
Eaſterly than the Sun, and therefore 
ſets latter, and is ſeen after Sun- ſetting; 
and then ſhe is commonly called the 
Evening Star. But from the time of 
her inferior conjunction, till ſhe comes 
again to the ſuperior, ſhe then appears 
more Weſterly than the Sun, and 1s 
only to be ſeen in the morning before 
Sun-rifing, and is then called the Morn- 


ing Star. 


After the ſame manner we prove 
that Mercury turns round the Sun, for 
he always keeps in the Sun's neigh- 
bourhood, and never recedes from him 
fo far as Venus does; and therefore the 
Orbit of 3 muſt he within that of 2; 
and on the account of his nearneſs to 
the Sun, he can ſeldom be ſeen without 
a Teleſcope. 


The Or- Mars is obſerved to come in oppoſi- 


= tion, and likewiſe to have all other aſ- 


cludes the pects with the Sun; he always preſerves 
Earth's, | a round, 
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a round, full, and bright face, except 
when he is near his quadrate aſpect, 
when he appears ſomewhat gibbous, 
like the Moon three or four Days before 
or after the full: Therefore the Orbit 
of 4 muſt include the Earth within it, 
and alſo the Sun; for if he was betwixt 
the Sun and us at the time of his 
inferior conjunction, he would either 
quite diſappear, or appear horned, as 
Venus and the Moon do in that poſition, 


13 


Let 8 be the Sun, T the Earth, and Fi. 3. 


AP Mars, both in his conjunction 
and oppoſition to the Sun, and in both 
poſitions full; and BC Mars at his 
quadratures, When he appears ſome- 
what gibbous from the Earth at T. 
Tis plain hence, that the Orbit of Mars 
does include the Earth, otherwiſe he 
could not come in oppoſition to the 
Sun; and that it likewiſe includes the 
Sun, elle he could appear full at his 
conjunction. 


Mars when he is in oppoſition to 
the Sun, looks almoſt ſeven times 
larger in diameter than when he is in 
conjunction with him, and therefore 
muſt needs be almoſt ſeven times nearer 
to us in one poſition than in the other; 
for the apparent magnitudes of far 

diſtant 
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diſtant objects increaſe or decreaſe in 
3 to their diſtances from us: 

ut Mars keeps always nearly at the 
ſame diſtance 2 the Sun; therefore 


it is plain that it is not the Earth, but 


Inſerior 


the Sun, that is the center of his 
motion. 


It is proved in the ſame way, that 
Jupiter and Saturn have both the Sun 
and the Earth within their Orbits, and 
that the Sun, and not the Earth, is the 
center of their motions; altho' the diſ- 
proportion of the diſtances from the 
Earth is not ſo great in Jupiter, as it is 
in Mars, nor ſo great in Saturn, as it is in 


Jupiter, by reaſon that they areat a much 
greater diſtance from the Sun. 


We have now ſhewn that all the Pla- 


and Swfe-nets turn round the Sun, and that Mer- 


rior Pla- 


"Cf, 


cury and Venus are included between 
him and the Earth, whence they are 
called the Inferior Planets, and that the 
Earth is placed between the Orbits of 


Mars and Venus, and therefore included 


within the Orbits of Mars, Jupiter, and 
Saturn, whence they are called the Su- 
Perior Planets: And ſince the Earth is 
in the middle of theſe moveable bodies, 
and is of the ſame nature with them, 

we 
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we may conclude that ſhe has the ſame 
ſort of motions; but that ſhe turns 
round the Sun is proved thus: 


All the Planets ſeen from the Earth TheEarth 


c 
appear to move very unequally, as gand nin, 


ſometimes to go faſter, at other times but twns 


flower; ſometimes to go backwards, ound the 


. . Sun. 
and ſometimes to be ſtationary, or not to 


move at all; which could not happen 
if the Earth ſtood ſtill. Let 8 be the F. 
Sun, T the Earth, the great circle 
ABCD the Orbit of Mars, and the 
numbers 1, 2, 3, Sc. its equable mo- 
tion round the Sun; the correſpondent - 
numbers 1, 2, 3, Sc. in the circle à, 
b, c, d, the motion of Mars, as it would 
be ſeen from the Earth, It is plain 
from this Figure, that if the Earth 
ſtood ſtill, the motion of Mars, will be 
always progreſſive, (tho ſometimes very 
unequal;) but ſince obſervations prove 
the contrary, it neceiſarily follows, that 
the Earth turns round the Sun. 


The annual periods of the Planets Te An. 


Be nual aud 
round the Sun are determined by care- Diurnat 


fully obſerving the length of time Motions 
ſince their departure from a certain of che 

, , L . i Planets, 
point in the Heavens, (or from a fix'd gw com> 
Scat ) until they ar rive to the ſam; again. ped. 


* By 


— — —— — 
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By theſe fort of obſervations the an- 
cients determined the periodical revo- 
lutions of the Planets round the Sun, 
and were ſo exact in their computations, 
as to be capable of predicting Eclipſes 
of the Sun and Moon. But ſince the 
invention of teleſcopes, aſtronomical 
obſervations are made with greater ac- 
curacy; and of conſequence, our tables 
are far more perfect than thoſe of the 
ancients. And in order to be as exact 
as poſſible, aſtronomers compare ob- 
ſervations made at a great diſtance of 
time from one another, including ſe- 
veral periods; by which means, the 
error that might be in the whole, 1s in 
each period ſubdivided into ſuch little 
parts as to be inconſiderable. Thus the 
mean length of a Solar Year 1s known, 
even to Seconds. 


The Diurnal rotation of the Planets 
round their axis, was diſcovered by 
certain ſpots which appear on the ſur- 
faces. Theſe ſpots appear fiift in the 
margin of the Planet's disk, (or the 
edge of their ſurfaces) and ſeem by 
degrees to creep toward their middle, 
and fo on, going ſtill forward, till they 
come to the oppoſite fide or edge of 
the disk, where they ſet, or diſappear ; 
an 


es Ha of 


poor Wn 
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and after they have been hid for the 
ſame ſpace of time, that they were vi- 


ſible, they again appear to riſe in or 


near the ſame place, as they did at firit; 
then to creep on progreſſively, taking 
the ſame courſe as they did before. 
Theſe {pots have been obſerved on the 
ſurfaces of the Sun, Venus, Mars, and 
Jupiter; by which means it has been 
found that theſe bodies turn round their 
own axis, in the times before-menti- 
oned. It 1s very probable that Mercury 
and Saturn have likewiſe a motion round 
their axis, that all the parts of their 
ſurface may alternately enjoy the light 
and heat of the Sun, and receive ſuch 
changes as are proper and convenient 
for their nature, But by reaſon of 
the nearneſs of g to the Sun, and us 
immenſe diſtance from him, no obſer- 
vations have hitherto been made where- 
by their ſpots (if they have any) could 
be diſcovered, and therefore their Diur- 
nal motions could not be determined. 
The Diurnal motion of the Earth is 
computed from the apparent revolu- 
tion of the Heavens, and of all the Stars 
round it, in the ſpace of a natural Day. 
The Solar ſpots do not always remain 
the ſame, but ſometimes old ones vanith; 


# and afterwards others ſucceed in their 


O room: 
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room; ſometimes ſeveral ſmall ones ga- 
ther together and make one large ſpot, 
and ſometimes a large ſpot is ſeen to be 
divided into many ſmall ones. But, not 
withſtanding theſe changes, they all turn 
round with the Sun in the ſame time. 


How the The relative diſtances of the Planets 
dla, from the Sun, and likewiſe from each 
of the other, are determined by the following 
DO, methods: Firſt, the diſtance of the 
Sun are two inferior Planets ; and 2 from the 
determi- Sun, in reſpect of the Earth's diſtance 
ned- from him, is had by obſerving their 

greateſt Elongation from the Sun as they 


are ſeen from the Earth. 


Fg. 3. The greateſt Elongation of Venus is 
Elenga- found by obſervation to be about 48 
%. degrees, which is the angle ST 2; 
whence, by the known rules of Trigo- 
nometry, the proportion of S 2, the 

mean diſtance of Venus from the Sun 

to ST, the mean diſtance of the Earth 

from him may be eaſily found. After 

the ſame manner, in the right-angled 
triangle 8 T 8, may be found the 
diſtance S yz of Mercury from the Sun. 

And if the mean diſtance of the Earth 

from the Sun S T be made 1000, the 

mean diſtance of Venus 8 2 from the 

Sun 
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sun will be 723; and of Mercury 8 z 


387: And if the Planets moved round 


the Sun in circles, having him for their 

center, the diſtances here found would 

be always their true diſtances: But as 

they move in Ellipſes, their diſtances 

from the Sun will be ſometimes greater, 

and ſometimes leſs. Their Excentricitics 
are computed to be as follows, vig. 


Mercury 80] of the parts 
Excent, of Venus 5+ above-men- 
Earth 169) tioned. 


The diſtances of the ſuperior Planets; 
vg. C , u, and h, are found by com- 
paring their true places, as they are 
ſeen from the Sun, with their apparent 
places, as they are ſeen from the Earth. 


Let 8 be the Sun, the circle ABC the 


Earth's orbit, AG a line touching the 
Earth's orbit, in which we'll ſuppoſe 
the ſuperior Planets are ſeen from the 
Earth in the points of their orbits 3, 
u, h; and let DEFGH te a portion 
of a great circle in the Heavens, at an 
infinite diſtance: Then the place of 


Mars ſeen from the Sun is D, which is ;. ; 


Heliocen- 
tric and 


called his true, or Heliocentric Place; 


ig 


but from the Earth, he will be ſeen in Geocerrris 


SG; which is called his apparent, 9 
C 2 Geo- 
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Geocentric Place. So hkewiſe Jupiter 
and Saturn will be ſeen from the Sun 
in the points E and F, their Heliocen- 
tric places; but a ſpectator from the 
Earth will ſee them in the point of the 
Heavens G, which 1s their Geocentric 
place. The arches DG, EG, FG, the 
differences between the true and appa- 
rent places of the ſuperior Planets, are 
called the Parallaxes of the Earth's an- 
nual Orb, as ſeen from thele Planets. 
It thro' the Sun we draw SH parallel to 
AG, the angles A 8, Au S,. Ah9, 
will be reſpectively equal to the angles 
DS , ES , and FS H; and the 
angle A G8 is equal to the angle 
GSH, whoſe meaſure is the arch GH; 
which therefore will be the meaſure of 
the angle AGS, the angle under which 
the ſemidiameter A S of the Earth's 
orbit, is ſeen from the Starry Heavens. 
But this ſemidiameter is nothing in re- 
tpect of the immenſe diſtance of the 
Heavens or Fixed Stars; for from thence 
it would appear under no ſenſible an- 
gle, but look like a point. And there- 
tore in the Heavens, the angle G8 H, 
or the arch G H vaniſhes; and the 
Points G and H coincide; and the 
arches DH, EH, FH, may be con- 
ſidered as being of the ſame es 
wit 
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with the arches DG, EG, and FG, 
© which are the meaſures of the angles 


ASS, Aus, Ars; which angles 
are nearly the greateſt elongation of 
the Earth ſrom the Sun, if the Earth 
be obſerved from the reſpective Planets, 
when the line GH 4 A, touches the 
Earth's orbit m A. The nearer any of 
the ſuperior Planets is to the Sun, the 
greater is the Parallax of the annual 
Orb, or the angle under which the 
ſemidiameter of the Earth's orbit is 
ſeen from that Planet. In Mars the 
angle 8 S, {which is the viſible enlon- 
gation of the Earth ſeen from Mars, or 
the Parallax of the annual Orb ſeen 
from that Planet) is about 42 degrees, 
and therefore the Earth is always to the 
inhabitants of Mars either their Morn- 
ing or Evening Star, and is never ſeen 
by them ſo far diſtant from the Sun as we 
ſee Venus. The greateſt elongation of 
the Earth ſeen from Jupiter, being near- 
ly equal to the angle A u 8, is about 11 
degrees. In Saturn the angle A h 8 is 
but 6 degrees, which is not much above 
part of the greateſt elongation we ob- 


ſerve in Mercury. And ſince Mercury is 
ſo rarely ſeen by us, probably the aſtro- 


nomers of Saturn (except they have bet- 


ters Optics than we have) haye not yet 


C9 di. 
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diſcovered that there is ſuch a body as 
our Earth in the Univerſe. 

The Parallax of the annual Orb, or 
the greateſt elongation of the Earth's 


orbit ſeen from any of the ſuperior Pla- 


nets, being given; the diſtance of that 
Planet from the Sun, 1n reſpect of the 
Earth's diſtance trom him, may be 
found by the ſame methods as the diſt- 
ances of the inferiorPlanets were. Thus, 
to find the diſtance of Mars from the 
Sun, 1t will be as the Sine of the angle 
S As to the Radius, ſo is the diſtance 
As (che diſtance of the Earth from the 
Sun) to 8 4, the diſtance from the Sun 
to Mars. After the ſame manner the 
diſtances of Jupiter and Saturn are alſo 
found. The mean diſtance of the Earth 
from the Sun being made 1000, the 
mean diſtances of the ſuperior Planets 
from the Sun are, diz. the mean diſtance 
from the Sun of 


6 1524 141 
4 520 1% and the Excentricityy 2 50 f 
- þ 9539 C547 


To which, if you add or ſubtract their 


mean diſtances, we ſhall have the. great- 


eſt or leaſt diſtances of thoſe Planets 
from the Sun. 


There 
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There are other methods by which 
the relative diſtances of the Planets might 
be found; but that which hath been 
here illuſtrated, is ſufficient to evince 
the certainty of that Problem. 


Hitherto we have only conſidered the How the 
diſtances of the Planets in relation to aas, 
one another, without determining them of the Pla- 
by any known meaſure; but in order toes mom 
find their abſolute diſtances in ſome de- are com- 
terminate meaſure, there muſt be ſome- puted. 
thing given, whoſe meaſure is known. 

Now the circumference of the Earth 1s 
divided into 360 degrees, and each of 
theſe degrees into 60 Geographical 
miles, ſo that the whole circumference 
contains 21600; and by the known pro- 
portion for finding the diameter of a cir- 

cle from its circumference, the Earth's 
diameter will be found to be 6872 
miles, and its ſemidiameter 3436 miles. 
The Parallax of the Earth's ſemidia- parallax 
meter, or the angle under which it is of che 


arth 3 


ſeen from a certain Planet, may be found %. 


by comparing the true place of the Pla- mer. 


net, as it would be ſeen from the center 

of the Earth (which is known by com- 

putation) with its apparent place, as it 

is ſeen from ſome point on the Earth's 

turface, Let CZ A be the Earth, ZC its Fig: 7- 
84 ſemi- 
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to its diſtance from him in a known 
meaſure; ſo is the relative diſtance of 
any other Planet from him to its diſt- 
ance in the ſame meaſure. This may 
be done by finding the diſtance of the 
Planet Mars, when he is in oppoſition 
to the Sun, after the ſame manner as 
we find the diſtance of a tree, or the 
like, by two ſtations. 


Let # be Mars, D the point on the 
Earth's ſuperficies, where Mars 1s verti- 
cal when he is in oppoſition to the Sun, 
which may be found exactly enough by 
calculation, at which time let an ob- 
ſerver, at the point Z (whoſe ſituation 


from D muſt be known) take the alti- 


tude of Mars, whoſe complement will 
be the angle 4 ZR; then in the trian- 
gle 8 ZC will be given the angle Z 8 C, 
the angle T (whoſe meaſure 1s the arch 
DZ) and conſequently the angle Z 8 C 
the Parallax, and alſo the fide Z C the 
ſemidiameter of the Earth; by which we 
may find Cs the diſtance of Mars from 
the Earth. The extreme nicety requi- 
red in this obſervation, makes it very 
difficult to determine the exact diſtances 
of the Planets from the Sun; but the 
celebrated Dr. Halley has, in the Philo- 
ſophical Tranſactions, ſhewed us 2 more 


cer. 


25 


How the 
Magni- 
tudes of 
the Pla- 
nets are 


determi- 
ned. 
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certain method for finding the diſtances 
of the Planets; which is by obſerving 
the Tranſit of Venus over the Sun. 


The eye judgeth of the magnitudes 
of far diſtant objects, according to the 
quantities of the angles under which 
they are ſeen (which are called their ap- 
parent magnitudes;) and theſe angles 
appear greater or leſs in a certain pro- 
portion to their diſtances. Wheretore 
the diſtances of the Planets from the 
Earth, and their apparent diameters 
being given, their true diameters (and 
from thence their magnitudes) may be 
found. How the diſtances of the Planets 
may be found has been already ſhewn; 
their apparent diameters are found by a 
teleſcope, having a machine fix'd to it 
for meaſuring of angles, called a Mi- 
crometer. Let BD, or the angle BAD 
be the apparent diameter of any Planet, 
and AB, or AD, (which by reaſon of the 
great diſtance of the Planets in reſpect 
of their magnitudes) may be conſidered 
as being the diſtance of the ſaid Planet 
from the obſerver. Now in the trian- 
gle ABD, having the ſides AB, AD, 
given, and the angle, A, we have alſo 
the other angles B and D, (becauſe the 
Side AB, AD, are equal) whence T0 

ide 
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ſide BD the diameter of the Planet may 
be eaſily found by Trigonometry. 


From hence it appears, that the ſame 
body at different diſtances, will ſeem to 
have very different magnitudes. Thus 
the diameter BD will appear from the 

int E, to be twice as large as from the 
point A. It alſo follows, that a fmall 
body, when at no great diſtance from us, 
may appear to be equal, or even to ex- 
ceed another at a great diſtance, tho” 
immenſely bigger. Thus 5 d appears 
under the ſame angle, and confequent- 
ly of the ſame bigneſs from the point A, 
that the line BD doth, tho' one vaſtly 


exceeds the other. And this is the rea- Why the 


ſon, why the Moon, which is much leſs 


Moon ap- 
pears big- 


than any of the Planets, appears to. Us ger than 
vaſtly bigger than either of them, and of the 


even to equal the Sun himſelf, which is 
many thouſand times greater in mag- 
nitude. 


The diſtances of the Planets, and 
periods round the Sun, their diameters 
and velocities round their own axis, 


according to modern computations, are 
as folllows: 


Saturn 


Planets 


28 5 
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Saturn 


Jupiter 


Mars 


Earth 


Venus 
Mercury 


Moon & Fart the C D. H. M. 
27:7·43 


| Periods round 
their own axis. 


. 


Earth. 


Sun 
Saturn 
Jupiter 
Mars 
Earth 
Venus 
Mercury 
Moon 


The cauſe of Eclipſes and Phaſes of 


Ls 


Revolves about the 


Sun in the f. 


pace of 


. D. £9 
29:167:22 
11:314:12 
1:321:23 
0:305: 6 
0:224:16 
o: 87:23 


„ 


{ 


Diſtance in 
Milcs 
777. ooo. ooo 
124. ooo. ooo 
23 ooo. ooo 
8 1. oo o O 
59.060. oo0 


32. ooo. ooo 


240: oo 


Diameters 
| in Miles. 


76. ooo 
61.000 
81.000 


the Moon, and ſome other phænome- 
na not here explained, ſhall be ſhewed 


when we come to give a Deſcription of 
the Orrery. 


Beſides 
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Beſides the Planets already mention- 
ed, there are other great bodies that 
ſometimes viſit our ſyſtem, which are 
a fort of temporary Planets; for they 
come and abide with us for a while, 
and afterwards withdraw from us, for a 
certain ſpace of time, after which they 
again return. Theſe wandering bodies 
are called Comets, 


Of the SOLAR SYSTEM. 


The motion of Comets in the Hea- Of comer, 


vens, according to the beſt obſervations 
hitherto made, ſeem to be regulated by 
the fame immutable law that rules the 
Planets; for their orbits are elliptical, 

like thoſe of the Planets, but vaſtly nar- 
Tower, or more excentric. Yet they 
have not all the ſame direction with 


the Planets, who move from Welt to 


Eaſt, tor ſome of the Comets move from 
Eaſt to Weſt; and their orbits have 
different inclinations to the Earth's or- 
bit; ſome inclining Northwardly, others 
Southwardly, much more than any of 
the Planctary orbits do. 


Altho' both the Comets and the Pla- 
nets move in elliptic orbits, yet their 
motions ſeem to be vaſtly different: For 
the excentricities of the Planet's orbits 
are ſo ſmall, that they differ but little 

from 
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from circles; but the excentricities of 
the Comets are ſo very great, that the 
motions of ſome of them ſeem to be al- 
moſt in right lines, tending directly to- 
wards the Sun. 


Now, ſince the orbits of the Comets 
are ſo extremely excentric, their mot1- 
ons, when they are in their Perihelia, or 
neareſt diſtance from the Sun, muſt be 
much ſwifter than when they are in 
their Aphelia, or fartheſt diſtance from 
him; which is the reaſon why the Co- 
mets make ſo ſhort a ſtay in our ſyſ- 
tem; and when they diſappear, are fo 
long in returning. 


The figures of the Comets are ob- 
ſerved to be very different; ſome of them 
ſend forth ſmall beams, like hair, every 
way round them; others are ſeen with 
a long fiery tail, which 1s always oppo- 
ſite to the Sun. Their magnitudes are 
alſo very different, but in what propor- 
tion they exceed each other, it is as yet 
uncertain. Nor 1s it probable, that their 
numbers are yet known, for they have 
not been obſerved with due care, nor 
their theories diſcovered, but of late 
years. The ancients were divided in 
their opinions concerning them; ſome 

ima. 
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imagined that they were only a kind of 
Meteors kindled in our atmoſphere, and 
were there again diſſipated; others took 
them to be ſome ominous prodigies: 
But modern diſcoveries prove, that they 
are Worlds ſubje& to the ſame laws of 
motion as the Planets are; and they 
muſt be very hard and durable bodies, 


elſe they could not bear the vaſt heat 


that ſome of them, when they are in 
their Peribelia, receive from the Sun, 
without being utterly conſumed. The 
great Comet which appeared in the year 
1680, was within + part of the Sun's 
diameter from his ſurface; and there- 
fore its heat muſt be prodigiouſly in- 
tenſe beyond imagination. And when 
it is at its greateſt diſtance from the 
Sun, the cold muſt be as rigid. 


SECT. 
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Of the FIXED STARS. 


HE fixed Stars are thoſe bright 
and ſhining bodies, which in a 
clear night appear to us every where 
diſperſed through the boundleſs regions 
of ſpace. They are term'd fix d, becauſe 
they are found to keep the ſame immut- 
able diſtance one from another in all 
ages, without having any of the mo- 
The fixedtions obſerved in the Planets. The 
Sara fixed Stars are all placed at ſuch im- 
diſtance menſe diſtances from us, that the beſt 
from us. of teleſcopes repreſent them no bigger 
than points, without having any appa- 
rent diameters, 


The fixeg It is evident from hence, that all the 
Stars are Stars are luminous bodies, and ſhine 
bodies with their own proper and native light, 
like the elſe they could not be ſeen at ſuch a 
Sun. great diſtance. For the Satellites of 
Jupiter and Saturn, tho' they appear 
under conſiderable angles through good 


tele- 
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teleſcopes, yet ate altogether inviſible to 
the naked eye. 


Although the diſtance betwixt us ne dit. 
and the Sun 1s vaſtly large, when com-tancefrom 
pared to the diameter of the Earth, 8 
it is nothing when compared with thething in 
prodigious diſtance of the fixed Stars cn ef che 
for the whole diameter of the Earth's as air. 
annual orbit, appears from the near woes or 
fixed Star no bigger than a point, and Ster ed 
the fixed Stars are at leaſt 100,000 
times farther from us than we are from 
the Sun; as may be demonſtrated from 
the obſervation of thoſe who have en- 
deavoured to find the Parallax of the 
Earth's annual Orb, or the angle un- 
der which the Earth's orbit appears 


from the fixed Stars. 


Hence it follows, that tho' we ap- As to ap- 


pearance, 
proach nearer to ſome fixed Stars at ne Each 


one time of the year than we do at themay be 


| oppolite, and that by the whole ge ider'd 


yet this diſtance being 10 {mall in com-of the 
pariſon wich the diſtance of the fixed Heavens. 
Stars, their magnitudes or poſitions can- 

not thereby be ſenſibly altered; there- 


fore we may always, without error, ſup- 


poſe ourſelves to be in the ſame center 
D of 
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of the Heavens, ſince we always have 
the ſame viſible proſpect of the Stars 
without any alteration. | 


If a ſpectator was placed as near to 
any fixed Star, as we are to the Sun, he 
would there obſerve a body as big, and 
every way like, as the Sun appears to 
us: and our Sun would appear to him 
no bigger than a fixed Star: and un- 
doubtedly he would reckon the Sun as 
one of them in numbering the Stars. 
Wherefore fince the Sun differeth no- 
thing from a fixed Star, the fixed Stars 
may "be reckoned fo many Suns. 


It is not reaſonable to ſuppoſe that 
all the fixed Stars are placed at the ſame 


The fixed diſtance from us; but it is more pro- 
Stars are bable that they are cvery where inter- 


at vaſt 
diſtance 


ſperſed thro' the vaſt indefinite ſpace of 


Fon "cachthe univerſe; and that there may be as 


other, 


great a diftance betwixt any two of 
them. as there 1s betwixt our Sun and the 


neareſt fixed Star. Hence it follows, 


why they appear to us of different mag- 
nitudes, not becauſe they really are ſo, 
but becauſe they are at difterent diſtan- 
ces from us; thoſe that are neacelt ex- 
celling in br ightneſs and Juſtre thoſe 
that are moſt remote, who give a faint- 


Er 
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er light, and appear ſmaller to the 
eye. 


The aſtronomers diſtribute the Stars rue dig 


into ſeveral orders or claſſes; thoſe that buges 
of e 


are neareſt to 1 appear brighteſt gtars into 
to the eye, are called Stars of the firſts claſſes, 


magnitude; thoſe that are neareſt to 
them in brightneſs and luſtre, are cal- 
led Stars of the ſecond magnitude; thoſe 
of the third claſs, are ſtiled Stars of the 
third magnitude; and ſo on, until we 
come to the Stars of the ſixth magni- 
tude, which are the ſmalleſt thai can be 
diſcerned by the naked eye. There are 
infinite numbers of ſmaller Stars, that 
can be ſeen through teleſcopes; but theſe 
are not reduced to any of the ſix orders, 
and are only called Teleſcopical Stars. 


It may be here obſerved, that tho' the Of Ze. 


aſtronomers have reduced all the Stars 
that are viſible to the naked eye, into 
ſome one or other of theſe claſſes, yet 
we are not to conclude from thence 
that all the Stars anſwer exactiy to ſome 
or other of theſe orders; but there may 
be in reality as many orders of the 
Stars, as they are in number, few of 
them appearing exactly of the ſame 
bigneſs and luſtre. 


D 2 The 


Stars. 
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gittarius, the Archer; 10. Capricornus, 
the Goat; 11. Aquarius, the Water- 
Bearer; and, 12. Piſces, the Fiſhes. 


The conſtellations on the North fide Northern 


conſtella- 
tions. 


of the Zodiac are Twenty-one, viz. 
the Little Bear; the Great Bear; the 
Dragon; Cepheus, a king of Ethiopia; 
Bootes, the keeper of the Bear; the 
Northern Grown; Hercules with his Club, 
watching the Dragon; the Harp; the 
Swan; Caſſiopeia; Perſius; Andromeda; 
the Triangle; Auriga; Pegaſus, or the 
Flying Horſe; Equuleus; the Dolphin; 
the Arrow; the Eagle; Serpentarius; 
and the Serpent, 


The conſtellations noted by the an- Southern 


cients on the South fide of the Zodiac, 
were fifteen, dig. the Whale; the ri- 
rer Eridanus; the Hare; Orion; the 
Great Dog; Little Dog; the Ship Ar- 
go; Hyara; the Centaur; the Cup; the 
Crow; the Wolf; the Altar; the South- 
ern Crown; and the Southern Fiſh. To 
theſe have been lately added the follow- 


ing, vis. The Phenix; the Crane; 


the Peacock; the Indian; the Bird of 


Paradiſe; the Southern Triangle ; the 
Fly; Came eon; the Flying Fiſh; Toucan, 
or the American Gooſe; the Water Ser— 

D 3 pent, 
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pent, and the Sword Fiſh, The an- 
cients placed thoſe particular conſtella- 
tions or figures in the Heavens, either 
to commemorate the deeds of ſome 
great man, or ſome notable exploit 
or action; or elſe took them from the 
fables of their religion, &c. And the 
modern aſtronomers do ſtill retain 
them, to avoid the confuſion that would 
ariſe by making new cones, when they 
compare the modern obſervations with 
the old ones. 


Some of the principal Stars have par- 
ticular names given them, as Syrzuc, 
Arcturus, Ge There are alſo ſeveral 
Stars that are not reduced into conſtel- 
lations, and theſe are called Unformed 


Urformed 
; Stars. 


Stars. 


Beiides the Stars viſible to the naked 
eye, there is a very remarkable ſpace 
in the Heavens, called the Galaxy, or 

The C. Milky Way. This is a broad circle of a 
M.y whitiſh hue, like milk, going quite 
| Hay. round the whole Heavens, and conſiſt- 
| ing of an infinite number of ſmall Stars, 
viſible thro' a teleſcope, tho' not diſcern- 
able by the naked eye, by reaſon of their 
exceeding faintneſs; vet with their light 
hey combine to ilfuſtrate that part of 

the 
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the Heavens where they are, and to 
cauſe that ſhining whiteneſs. 


The places of the fixed Stars, or their 
relative ſituations one from another, 
have been carefully obſerved by aſtro- 
nomers, and digeſted into catalogues. 
The firſt among the Greeks, who redu- 
ced the Stars into a catalogue, was Hyp- 
parchus, who, from his own obſervati- 
ons, and of thoſe who hved before him, 
inſerted 1022 Stars into his catalogue, 
about 120 years before the Chriſtian 
Ara: This catalogue has been ſince en- 
larged and improved by ſeveral learned 
men, to the number of 3000, of which 
there are a great many teleſcopical, and 
not to he diſcerned by the naked eye; 
and theſe are all ranked in the catalogue 
as the Stars of the ſeventh magnitude. 


It may ſeem ſtrange to ſome, that 
there are no more than this number of 
Stars viſible to the naked eye; for ſome- 
times in a clear night they ſeem to be 
innumerable: but this is only a decep- 
ton of our fight, ariſing from their ve- 
nement ſparkling, while wo look upon 
them confuſedly, without reducing them 
into any order; for there can ſeldom 
he {een above 1000 Stars in the whole 
24 Iica- 
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Heavens with the naked eye at the ſame 
time; and if we ſhould diſtinctly view 
them, we thall not find many but what 


are inſerted upon a good Celeſtial Globe. 


Altho' the number of Stars that can 
be diſcerned by the naked eye are ſo 


few, yet it is probable there are many 


zore which are beyond the reach of our 
optics, for through teleſcopes they ap- 
pear in vaſt multitudes, every where 
diſperled throughout the whole Hea- 
ven; and the better our glaſſes are, the 
more of them we ſtill diſcover. The in- 
genious Dr. Hoch has obſerved 78 Stars 
in the Pleiades, of which the naked eye 
is never able to diſcern above 7; and in 
Orion, which has but 80 Stars in the 
Britijp catalogue (and fome of them 
teleſcopical) there has been numbered 
2000 Stars. 


Thoſe who think that all theſe glo- 


af the U. TIous bodies were created for no other 
niverle. purpoſe than to give us a little dim 


light, muſt entertain a very ſlender idea 
cf the Divine Wiſdom; for we receive 
more light from the Moon itfelt, than 
from all the Stars put together. And 
ſince the Planets are ſubject to the ſame 
laws of motion with our Earth, and ſome 


of 
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of them not only equal, but vaſtly ex- 
ceed it in magnitude, it is not unreaſon- 
able to ſuppole, that they areall habitable 
Worlds. And ſince the Fixed Stars are 
no ways behind our Sun, either in big- 
neſs or luſtre, is it not probable, that 
each of them have a ſyſtem of Planet- 
ary Worlds turning round them, as we 
do round our Sun? And if we aſcend 
as far as the ſmalleſt Star we can ſee, 
ſhall we not then diſcover innumerable 
more of theſe glorious bodies, which 
now are altogether inviſible to us? And 
ſo ad infinitum, thro' the boundleſs ſpace 
of the univerſe. What a magnificient 
idea muſt this raiſe in us of the Divine 
Being! Who 1s every where, and at all 
times preſent, diſplaying his Divine 
Power, Wiſdom and Goodneſs, amongſt 
all his Creatures! 


The 
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The DESCRIPTION aud 
USE Ve CELESTIAL and 
TERRESTRIAL GLOBES, 


ab or KEXK Globe or Sphere is a round ſolid 
own, « A 15 body, having every part of its 
N ſurface equally diſtant from a 
point within it, called its Cen- 
ter; and it may be conceived to be form- 
ed by the revolution of a ſemicircle 

round its diameter. 


Any circle paſſing through the cen- 

ter of the ſphere, thereby dividing into 

creat Cir £0 equal parts or ſegments, is called 

cle. a Great Circle; and the ſegments of 

Eni. the ſphere ſo divided, are called Hemi- 
bern. ſpheres. 


Every great circle has its Poles and 
Axis. 


Fasc. The Poles of a great circle are two 
points on the ſurface of the ſphere, di- 
ametrically oppoſite to one another. 

and 
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and every where equally diſtant from the 
ſaid circle. 


The Axis of a circle is a right line u. 
paſſing through the center of the ſphere, 
and through the Poles of the ſaid cir- 
cle, and is therefore perpendicular to 
the Plane: Therefore 


All circles paſſing through the Poles 
of any great circle, interſect 1t in two 
places diametrically oppoſite, and alſo 
at right angles; and with reſpect to the 
ſaid great circle, they may be called its . 
Secundaries. ries. 

All circles dividing the ſphere into 
two unequal parts, are called leſſer or pa-*raiet 
rallel Circles, and are uſually denomina- &;;2;" 
ted by that great circle to which they 
are parallel. 


The Earth being globular, its out- 
ward parts, as the ſeveral Ccuntries, Seas, 
Sc. are beſt, and moit naturally repre- 
{ſented upon the ſurfaces of a Globe; and 
when ſuch a body has the outward parts 
of the Earth and Sea delineated upon its 
ſurface, and placed in their natural order 
and ſituation, it is called a TerreſtrialTerrefridl 
Globe. 855 


The 
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The Celeſtial Bodies appear to us as 
if they were all placed in the fame con- 
cave iphere, therefore aſtronomers place 
the Stars according to their reſpective 
ſituations and magnitudes, and alſo 
the images of the conſtellations, upon 
the external ſurface of a Globe; for 
it anſwers the ſame purpoſes as if they 
were placed within a concave ſphere, 
if we ſuppoſe the Globe to be tranſpa- 
rent, and the eye placed in the cen- 
ter. A Globe having the Stars placed 
upon its ſurface, as above-deſcribed, is 

Celefial called a Celeſtial Globe. Theſe Globes 

cube. are both placed in frames, with other 
appurtenances, as ſhall be deſcribed in 
a proper place. 


'Theprin= The principal uſes of the Globe: 
cipal uſe (beſides their ſerving as Maps, to diſ- 
So - tinguiſh the outward parts of the Earth, 
and the ſituations of the fixed Stars) 
is to explain and reſolve the phznome- 
na ariſing from the diurnal motion of 


the Earth round its Axis. 


It has been ſhewed in the Introduc- 
tion, that the diſtance of the Earth 
from the Sun, 1s no more than a point, 
when compared with the immenſe diſ- 
tance of the fixed Stars; therefore let 

the 


| 
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the Earth be in what point ſoever of There 
her orbit, there will be the ſame proſ- vl >< | 
pect of the Heavens, as a ſpectator proſpectof 
would obſerve did he reſide in the Sun: the fixed 
And if ſeveral circles be 1magined 8 
paſs thro the center of the Earth, and ſpectator 
others, parallel to them, be conceived tobe 28 
paſs thro the center of the Sun, theſe arth, or 
circles in the Heavens will ſeem to coin-in the Sun. 
cide, and to paſs exactly thro' the ſame 

Stars. Wherefore as to the appear- 

ances of the fixed Stars, it is indifferent 
whether the Earth or the Sun be made 

the center of the Univerſe. But becauſe 

it is from the Earth that we always ob- 

ſerve the celeſtial bodies, and their ap- 
parent motions ſeem to us to be really 

made in the Heavens, it is more natural 

in explaining the phenomena ariſing 

from theſe motions, to place the Earth 

in the center. And again, becauſe the 
ſemidiameter of the Earth, when com- 

pared to her diſtance from the Sun, is 

of no ſenſible magnitude, any point, up- 

on the Earth's ſurface, let her be in 

what part ſoever of the orbit, may be 
conſidered as being the center of the 
Univerſe. Upon theſe principles, the 
different phznomena ariſing trom the 
diurnal motion of the Earth, and the 


dit- 
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different ſituation of a ſpectator upon 
its ſurface, are very naturally illuſtrated 
and explained by the Globes. 


As to the alterations of ſcaſons, Sc 
ariſing from the annual motion of the 
Earth round the Sun, it is indifferent 
which we ſuppoſe to move, the Earth 
or the Sun, for in both caſes the effect 
will be the ſame. Wherefore becauſe 
it is the Sun that appears to us to move, 
we ſay the Sun is in ſuch a part of the 
ecliptic, without attributing any moti- 
on to the Earth, any more than if ſhe 
had actually been at reſt. For the 
ſame reaſon we ſay the Sun riſes, or 
the Sun ſets; by which we mean that 
he begins to appear or diſappear, with- 
out conſidering in the leaſt how theſe 
effects are produced. Theſe things are 
here mentioned, to obviate the objeCti- 
ons that might be made by beginners, 


after they have been told that the Sun 
ſtands ſtill. 
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An Explanation of the Circles 
of the Sphere, and of ſome 
Aſtronomical Terms ariſing 
therefrom. 


N order to determine the relative 
ſituations of places upon the Earth, 
as well as the poſitions of the fixed Stars, 
and other Celeſtial phenomena, the 


; Globe of the Earth is ſuppoſed to be 

. environed by ſeveral imaginary circles, 

. and theſe are called the Circles of the The Cir. 
8 Sphere. Theſe imaginary circles are %% = 
either fixed, and always obtain the ſane © * 


poſition in the Heavens, or moveable, 


according to the poſition of the ob- 
ſerver. 


Thoſe circles that are fixed, owe 
their origin to the two-fold motion of 
the Earth, and are the Equator, and the 
Echptic, with their Secundaries aud Pa- 

rallels, 
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rallels, Theſe fixed circles are uſu- 
ally delineated upon the ſurface of the 
Globes. 


The moveable circles are only the 
Horizon, its Secundaries and Parallels: 
Theſe are repreſented by the wooden 
frame, and the braſs ring, wherein the 
Globe is hung, and a thin plate of braſs 
to be ſcrewed in a proper place, upon 
the ſaid ring, as occaſion requires. 


I. Of the Equi noctial. 


The Bqza- I. The Equator, or the Eguinoctial, 


tor, or E- 


is that great circle in the Heavens, in 
whoſe plane the Earth performs her 
diurnal motion round her axis; or it 1s 
that great circle, parallel to which the 
whole Heavens ſeem to turn round the 
Earth from Eaſt to Welt in 24 Hours. 


Note, The Equator and the Equinoc- 
tial are generally ſynonymous terms; 
but ſometimes the Equator particularly 
ſignifies that great circle upon the ſur- 
face of the Earth, which coincides with 
the Equinoctial in the Heavens. This 
circle 1s alſo by Mariners commonly 
called the Line. 


This 


>. 
\Q. 
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The equinoctial divides the globe of 

the Earth, and alſo the whole Heavens 

into two equal parts, North and South, 

which are called the Nertbern and Soutb- Nurthern 

ern Hemiſpheres. The axis of this cir-3ad S5urh- 

cle, is called the Axis of the World, 9 

the Earth's Axis, becauſe the Earth re- 3 

volves about it (from Weſt to Eaſt) „ 

24 hours. The extreme of this axis Hl 

are called the Poles of the World, whereof 

that which lies in the Northern Hemi- _ _ 

ſphere, is called the North Pole, and the he R. 

other is called the South Pole. The e-. 

quinoctial circle is always delineated 

upon the ſurface of each globe, with 

its name at length expreſfed; the axis of 

this circle, or the Earth's axis, is only 

an imaginary line in the Heavens, but 

on the globes it is expreſſed by the wires 

about which they really turn. The 

Poles of the world, are the two points 

upon the ſurtace of the globe through 

which theſe wires paſs; the North Pole 

is that which hath the little braſs circle, 

with a moveable index placed round 

it; and the other oppofite to it is the 

South Pole. The Northern Hemi- 

iphere 1s that wherein the North Pole 

is placed, and the oppoſite one is the 

Sonthern Hemiſphere. 


E, The 
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The aſtronomers divide all circles into 
360 <qual parts, called Degrees, each 
degree into 60 equal parts, called Mi- 
nutes, each minute into 60 Seconds, &c. 
But beſides this diviſion into degrees, 
the equinoctial is alſo divided into 24 
equal parts, or Hours, each hour into 
60 Minutes, each minute into 60 Se— 
conds, &c. ſo that one hour 1s equal to 
1 5 degrees, each minute of time is equa! 
to 15 minutes of a degree, &c. 


2. All circles conceived to pals 
through the Poles of the world, inter- 
ſecting the equinoctial at right angles, 
are, with reſpect to any point in the 
Heavens, called Hour Circles; and the 
Circles of Aſcenſion, becauſe the aſcen- 
ſion of the Heavenly bodies, from a cer- 
tain point, are by them determined. 


Theſe circles are alſo, with regard te 
places upon Earth, called Meridians. 


The Meridians are commonly draywn. 
upon the Terreſtrial Globe thro' every 
15 degrees of the equinoctial, thereby 
making an Hour difference betwixt the 
places through which they paſs. On 
tac Celeſtiai Globe there are commonly 
drawnbutiwooftheſe Meridiaus, croſſing 

the 
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the equinoctial in four points equidiſ- 

tant from one another, thereby dividing 

it into four quadrants; but the inter- 
mediate ones are here ſupplied, and alſo 

upon the Terreſtrial Globe, by the braſs 

circle on which they are hung, which, , a 
is therefore called the Braſs Meridian, y 200 0Y 
and ſometimes only the Meridian, it 
ſerving for this purpoſe to all the points 

upon either Globe. 


There is alſo a little braſs circle fix- 

ed upon this meridian, divided into 24 
Hours, having an index moveable round 

the axis of the globe, to be turned to 

any particular Hour. The uſe of this 
circle is to ſhew the difference of time 
betwixt any two meridians, and 1s there- Tho ta 
fore called the Hour Circle. Circle. wy 


All circles parallel to the equi- 
nochal arc. with reſpect to any point in 


the Heavens, called Parallels of Decli- Bal. 
nation. SO that, tion, 


4. The Declination of any Point 
in the Heavens (as of the Sun, a fix- 
ed Star, or the like, is an arch of 
the meridian paſſing through that 
point, and intercepted betwixt it and 
the equator; and if the ſaid point be 

wp | to 
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I Nortthward' 
to the Southward 


Declina- North 3 
tion North called Sout! ( Declination. 
and South. ca $ 


of the equator, it is 


Ot the parallels of declination, four 
are eminently diſtinguſhed by particu- 
Tropics lar names, viz. The two Tropics, and 


and Polar the two Polar Circles. 
Circles, 


The tropics are on different ſides of 
the equator each 23 degrees and 29 
minutes diſtant from it; that which hes 
in the Northern Hemiſphere, is called 
en the Tropic of Cancer; and the Southern 
of Capri- One, the Tropic of Capricorn. 
£27, 
Theſe circles are the limits of the 
Sun's greateſt declination, and are cal- 
led tropics, becauſe whenever the Sun 
arrives to them, he ſeems to return back 
again towards the equator, 


6. The Polar Circles are each of 
them at the tame diſtance from the 
Poles of the world, that the tropics 
are from the equator, v/2. 239 29' 


That which lies near the North Pole, 
Artic is called the 4:&ic Circle, from Arctos, 
a conſtellation ituated in the Heavens 
near that Place; whence allo this Pole 


13 


Circle. 
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is ſometimes called the Arctic Pole. The Ai 
other Polar circle, which is ſituated near. 
the South Pole; is called the Antarctic g. 
Circle, becauſe its poſition is contrary Circ. 
to the other; and the South Pole is ſome- * 
2 : utar ic 
times called the Antarctic Pole. * 


The tropics and the Polar circles 


have each their names expreſſed upon 
the Globes. 


IT. Of the Ecliptic. 


7. The Ecliptic is that great 5 
in whoſe plane the Earth performs it 
annual motion round the Sun; or, in 
which the Sun ſeems to move round the 
Earth, once in a year. This circle 
makes an angle with the equinoctial 
of 23 degrees 29 minutes, and interſects 
it in two oppoſite points, which are cal- 
led the Equinodial Points; and the two Ene: 
points in the ecliptic that are at the“ 
greateſt diſtance from the equinoctial 
points, are called the Sol/#itza! Points Selftitia? 
The two meridians palling through” "__ 

hole points, are, by way of eminence, 
called Colures; whereof that which paſ- Colures, 
ſeth thro the equinoctial points, is cal- 
led the Equinactial Colure; and that Erne. 
which is at right angles to it, paſting® Cela. 
E 3 through 


$4 The Deſeription and Uſe 


. through the Solſtitial Points, is called 
0 00 the Solſtitial Colure. 


The The ecliptic is divided into 12 equal 
Ecliptic parts, called Signs, each ſign being 30 
into ſigns, degrees, beginning from one of the 
equinoctial points, and numbered from 
Weſt to Eaſt; the names and charac- 
ters of the twelve ſigns are as follows, 


VIZ. 


Aries, Taurus, Gemini, Cancer, Leo, Virgo, 


3.7 2. $3. tt 4EWV 5-0 ©. 7 
Libra, Scorpio, Sagittarius, Capricornus, Aquaries, Piſces. 


7. bm 4. £ 10. . 12. & 28. 


Northern The firſt fix of theſe are called the 

Sign. Northern Signs, and poſſeſs that half 
of the ecliptic which is to the North- 
wa: of the equator; beginning wit! 
the firſt point of v, and ending with 
the laſt point of m. 


2 The latter fix are called the Souther:; 


Signs, becauſe they poſſeſs the Southern 
half of the ecliptic; beginning at the 
firſt point of =, and ending with the 
laſt point of x. 


The diviſion of the ecliptic into ſigns, 
and the names of the colures, are part!- 
cularly expreſſed upon the globes. 


The. 
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The figns of the cc iptic took their 
names from 12 conſtellations mention- 
ed in the Introduction to be fituated 


in the Heavens near thoſe places. It 


is to be obſerved, that the figns are not 
to be confounded with the conſteliati- 


ons of the ſame name: For the Sign of 


Aries, is not the ſame with the Con/tel- 
lation Aries; the latter 1s a ſyſtem of 
Stars digeſted into the figure of a Ram; 
but the fign of Aries is only 30 degrees 
of the echptic, counted from the equi- 
noctial point v, (which is reckoned the 
firſt point in the ecliptic) to the begin- 
ning of Taurus: Or, it is ſometimes ta- 
ken for all that ſpace upon the Celeſtial 
Globe contained between the two cir- 
cles paſling through the firſt points of 
and s. What has been here ſaid of 
Aries, is to be noted of all the reſt of 
the ſigns. 


The conſtellations above-mentioned 
were formerly ſituated within the ſigns 
which now bear their names; but by a 
flow motion of the equinoctial points, 
being one degree in 72 years, the con- 
ſtellation Aries has now got into the 
ſign x, and fo of the reſt. So tat Pi- 


ces is now got into the ſign of ; this 


ſlow motion in the Heavens is called the 
Preceſſion of the Equinoctial Points. 
L 4 Tie 
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Poles of the The Poles of the Ecliptic are both ſi- 
Epic. tuated in the Solſtitial Colure, at 23 
degrees, 29 minutes diſtance from the 
Pole of the world; and they take their 
denomination from the Hemiſphere 
wherein they are placed, v:z. that which 


, - Northern a . 
lies in the) ob aint Hemiſphere, 1s 


called the) North { Pole of the eclip- 


tic. The arctic and antarctic circles, are 
deſcribed by the Poles of the ecliptic in 
the diurnal motion of the Earth round 
its axis, whence it ſeems theſe two cir- 
cles are called Polar. 


8. All great circles paſſing through 

the Poles of the ecliptic, and conſequent- 

„ ,} ly interſecting it at right angles, are cal- 
ek 4 led C:rcles of Longituge: So that, 


Lengitude 9. The Longitude of ony Point in the 
the Heavens (as a Star or Planet, &c.) 
wens, is an arch of the ecliptic contained be- 
© tween the circle of longitude paſſing 
thro' that point, and the equinoctial 
point . And that degree of any ſign 
which lies under the circle of longitude, 
paſſing thro' any Star or Planet, is called 


Place f the Place of that Star or Planet. 


Star. 


hi „ 


Note, 
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Note, The Sun never goes out of the 
ecliptic, and it is not uſual to ſay the 
Sun's longitude, but we commonly ex- 
preſs it the Sun's Place, which is that 
fign, degree, minute, &c. of the ecliptic, 
which he at any time paſles. Dn 


10. All circles conceived to be drawn 
parallel to the ecliptic, are called Paral- 
lels of Latitude: So that, 


11, The Latitude of any point in the Latitude of 
Heavens, (as a fixed Star, &c.) is an V, &el 
arch of the circle of longitude, in paſ- | 
ſing thro' that point, and intercepted | 
betwixt it, and the ecliptic; or, the la- 
titude is the diſtance from the ecliptic; 
and if the ſaid point be to the North- 
ward of the ecliptic, it is called North 
Latitude; but if it be to the Southward, 
is called South Latitude. | 


Upon the Terreſtrial Globe, none of 
the circles of longitude are deſcribed; 
and upon the Celeſtial, they are com- 
monly drawn thro' the beginning of 
every Sign; but they are all ſupplied 
upon both Globes, by faſtening a thin 
plate of braſs over one of the Poles of 
the ecliptic, and ſo as to be moved to 
any degree thereof at pleaſure. The 


pa- 


| 
| 
| 
| 
| 
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parallels of latitude are alſo ſupplied by 
the graduations upon the ſaid plate, as 
ſhall be ſhewn in a proper place. 


We have now done with all thoſe cir- 
cles that are fixed, and ſuch as are drawn 
upon the Globes themſelves; we next 
proceed to the moveable circles. 


III. Of the Horizon. 


12. The Horizon is that great cir- 
cle which divides the upper, or viſible 
Hemiſphere of the world, from the 
lower, or inviſible: This circle 1s diſtin- 


guiſhed into two forts, the Ser/ible, and 
the Rational, 


The Sen/ible, or Apparent Horizon, is 
that circle which limits or determinates 
our proſpect, whether we are at land 
or ſea, reaching as far as we can ſee, or 
it 15 that circle where the Sky and the 
Earth, or Water, ſeem to meet. When 
we are on Terra Firma, this circle com- 
monly ſeems rugged and irregular, oc- 
caſioned by the unevenneſs of the ground 
terminating our proſpect; but at ſea 
there are no ſuch irregularities; the ſe- 
midiameter of this circle varieth accord- 


ing to the height of the eye of the 


ob 
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obſerver; if a man of fix feet high 
ſtood 2 a large plain, or the ſurface 


of the ſea, he could not ſee above three 
miles round. 


This circle determines the riſing and 
ſetting of the Heavenly bodies, and diſ- 
tinguiſhes Day and Night. 
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The Rational, or true Horizon, 1s are 
great circle paſſing thro the center of 


the Earth, parallel to the ſenſible Hori- 
zon, being diſtant from it by the Earth's 
ſemidiameter, which is about 3980 
miles: This diſtance is nothing in com- 
pariſon of the immenſe diſtance of the 
Sun and the fixed Stars, therefore a- 
ſtronomers make no diſtinction between 
theſe two circles, but conſider the appa- 
rent Horizon, or that wherein the Sun 
appears to riſe and ſet, as paſling thro' 
the center of the Earth. 


Thijs circle 1s divided by aſtronomers 
into four quadrants, and each of the 
quadrants into go degrees, Sc. The 
four points quartering this circle are 


called the Cardinal Points, and are term- rage 
ed the Eaſt, Weſt, North, and South. . 2, 


The Eaſt is that point of the Horizon. 


where the Sun riſes when he is in the 
equi- 


—  —C — — — — — - o 
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equinoctial, or on that day when he 
aſcends above the Horizon exactly at 

ſix o'clock; and the Veſt is that point 
of the Horizon which is directly oppo- 
ſite to the Eaſt, or where the Sun ſets 
when he is in the Equinoctial. The 
South is go degrees diſtant from the 
Eaſt and Weſt, and 1s toward that part 
of the Heavens wherein the Sun always 


appears to us in Great-Britain at Noon; 


Points of 
the Com- 


= 


and the North is that part of the Hea- 
vens which 1s directly oppoſite to the 
South: Or, the North and South points 
of the Heavens may be found by turning 

yourſelf either directly towards the Eaſt 
5 the Weſt: If you look towards the 


3 Weſt {the 5 South { will be to theright 


North 
1 to the left. 


Hand, and the) South 

Beſides the aforementioned diviſions 
of the Horizon into degrees, Mariners 
divide it into 32 equal parts, which they 
call the Points of the Compaſs; to each of 
which points they give a ra ticular 
name, compounded of the four Car- 
dinals, according to what quarter of the 
Compaſs i is intended, 


The center of the Horizon is the 
place 
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place of obſervation, and the Poles of it 
are one exactly over our heads, called 
the Zenith; and the other exactly under 2⁴s. 
our feet, called the Nadir. Nadir. 


13. All circles conceived to paſs 
thro the Zenith and Nadir, are called 
Vertical Circles, or Azimuths, Of theſe Lerncal 
circles, that which paſſeth thro' the“. 
North and South points of the Horizon, 
is called the Meridian; ſo that when any Ia. 
object is upon the Meridian, it then 
bears cither due South, or due North 
from us; and the Azimuth of any ob- qrinu, 
ject is an arch of the Horizon inter- 
cepted between the vertical circle paſſing 
through it, and cither the North or 
South part of the Meridian; which part 
is commonly ſpecified, 


The meridian paſſes thro' the Poles 
of the world, as well as through the 
Zenith and Nadir, and therefore is a 
ſecundary both of the equinoctial and 
the horizon: This circle divides the 
globe into the Eaſlern and Weſtern He- 
miſpberes, and the Poles of it are the 
Eaſt and Weſt points of the Horizon, 
All the heavenly objects are, during one 
half of their continuance above the ho- 
rizon, in the Eaſtern Hemiſphere, and 


for 
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for the other half in the Weſtern; ſo 
that whenever the Sun ari1ves upon the 
upper part of the meridian, it 1s then 
Noon, or Mid-day, which is the reaſon 
why this circle 1s called the meridian; 
and when he comes to the lower part, 
it is then Mid- night. 


The vertical circle paſſing thro' the 

Eaſt and Weſt points of the horizon, 

n, is called the Prime Ve tical, or Circle of 

Eaſt and Weſt; fo that when any ob- 

ject is upon this circle in the Eaſtern 

hemiſphere, it appears due t.aſt; and 

if it he in the Weſtern henuſphete, it 
appears due Weſt. 


That degree in the horizon wherein 

any object riſes or ſets from the Eaſt or 

Anpliinat. Welt points, is called the Amp itude; 

which for riſing is called Amplitude Or- 

tive, and Occaſiue for ſetting; which 

muſt be alſo denominated whether it be 
Northerly or Southerly. 


It may be obſerved, that the Ampli- 
tude and Azimuth are much the ſame; 
the amplitude ſhewing the bearing of 
any object when he ries or ſets, from 
the Eaſt or Weſt points of the hori- 
20n; and the azimuth, the bearing of 

any 
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any object when it is above the hori- 
zon, either from the North or South 
point thereof. As for example, if 
an object riſes or ſets within 10 degrees 
of the Eaſt or Weſt, ſuppoſe towards 


the South, we accordingly ſay, its Am- 


plitude is 10 degrees Southerly ; but if 
an object, that is of any height above 
the horizon, ſhould be in the vertical 
circle, paſſing thro' the before-menti- 
oned point, we then ſay, its Azimuth is 
$0 degrees from the South, or 100 de- 
grees from the North, both which ex- 
preſſions ſignify the fame. | 


14. All circles drawn parallel to the 
horizon, in the upper hemiſphere, are 
called Almacanthers, or Parallels of Al- Alnacdu. 
titude: So that the Altitude of any 

. , . ade, 
point in the Heavens is an arch of the 
vertical cirele paſſing thro that point, 
and intercepted betwixt it and the ho- 
rizon; and if the object be upon the 
meridian, it 15 commonly called the Me- Meridia 
ridian Altitude. The complement of #"- 
the altitude, or what it wants of go de- 


f 1 : Zenith 
grees, is called the Zenith Diſtance. Ditancs 


The horizon (by which we mean 
the rational) 1s repreſented by the upper 
ſurtace of the Wooden frame, wherein 
| the 
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the globes are placed; upon this hori- 
zon are deſcribed ſeveral concentric cir- 
cles, the innermoſt of which is divided 
into degrees, which ought to be num- 
bered both ways from the Eaſt and 
the Weſt, until they end at go degrees 
in the North and South points. The 
uſe of theſe diviſions is to ſhew the 
amplitudes of the Sun and Stars, at 
their riſing and ſetting: Alſo in ſome 
convenient place upon this horizon, 
there is commonly noted the points of 
the Compaſs. Without the betore-men- 
tioned circle there 1s drawn the ecliptic, 
with its diviſions, into figns, and de- 
grees, and a circle of months and days: 
The ule of theſe two circles is to ſerve 
as a kalendar to ſhew the Sun's place at 
any time of the year, and by that means 
to find his place in the Ecliptic, drawn 
upon the globe itſelf. 


The Vertical Circles, and the Paral- 
lels of Altitude, are ſupplied by a thin 
plate of braſs, having a nut and ſcrew 
at one end to faſten it to the braſs me- 
ridian in the Zenith point; which be- 
ing done, the lower end of it may be 
put between the globe it ſelf, and the 

inner edge of the horizon, and ſo turn- 
ed round about to any point required. 
g The 
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The fiducial edge thereof repreſenting 

the Vertical Circles, and the Degrees 

upon it, deſcribing the Parallels of Al- 

titude. This thin plate 1s called the * 
Quadrant of Altitude. — 


The center of the horizon being the 
lace of obſervation, it is evident that 
this circle, and all the others belong- 
ing to it, are continually changed, 
which way ſoever we move; wheretore 
we may ſuppoſe the horizon, with its 
ſecundaries and parallels, to inveſt the 
globe like a rete or net; and to be 
moveable every way round it. This is 
very naturally illuſtrated by the globes; 
if we move directly North, or directly 
South, the change made in the horizon 
18 repreſented by moving the braſs me- 
ridian (keeping the globe from turning 
about its axis) in the notches made in 
the wooden horizon, juſt ſo much as 
we travelled. If our courſe ſhould be 
due Eaſt, or due Weſt, the alterations 
made thereby are repreſented by turning 
the globe accordingly about its axis, 
the braſs meridian being kept fixed; and 
if we ſteer betwixt the meridian and the 
Eaſt or Weſt points, then we are to 
turn the braſs meridian, and alſo the 
globe about its axis accordingly; the 

F ſom 
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ſum of which is, let the ſpectator be at 
what point ſoever of the Earth's ſurface, 
he'll there gravitate, or tend exactly to- 
wards its center, and imagine himſelf 
to be on the higheſt part thereof, (the 
unevenneſs of the ground not being 
here conſidered} wherefore if we turn the 
globe in {uch a manner as to bring the 
ſeveral progreſſive ſteps of a traveller 


ſucceſſively to the Zenith, we ſhall then 


have the ſucceſſive alterations made in 
the horizon, in every part of his jour- 
ney. This explication being well con- 
fidered, will be of help to young begin- 
ners, to conceive how the Earth 1s every 
where habitable; and how paſlengers 
can travel quite round it; for ſince every 
thing tends toward the center of the 
Earth, we are to conccive that point as 
being the loweſt, and not to carry our 
idea of downwards any farther. Thoſe 
that are diametrically oppoſite to us be- 
ing as much upon the upper part of the 
Earth as we ate, there being no ſuch 
thing in nature as one place being higher 
than another, but as 1t 1s at a greater 
diſtance from the center of the Earth, 
tet it be in what country ſoever. 


We have now done with all the cir- 
cles of the ſphere, and it may be ob- 
ſerve 
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ſerved, that the Equinoctial, the Ecliptic, 
and the Horizon, with their ſecundaries 
and parallels, are all alike; and altering 
their poſition, may be made to ſerve for 
one another. Thus, if the Poles of the 
World be brought into the Zenith and 
Nadir, the Equinoctial will coincide with 
the Horizon, the Meridians will be the 
ſame with the Vertical Circles, and the 
parallels of Declinatiom will be the pa- 
rallels of Altitude. After the ſame man- 
ner, if ſhiiting the poſition, we bring the 


Ecliptic to coincide with the Horigon, the 


circles of Longitude will be the Vertical 


Circles, and the parallels of Latitude and 


Altitude will coincide. 


The horizon and the equator may 


be either parallel, perpendicular, or ob- 


que to each other. 


15. A Parallel Sphere is that poſition Parallel 
where the equator coincides with the e. 


horizon, and conſequeutiy the poles of 
the world are in the Zenith and Nadir: 
The inhabitants of this ſphere (if there 
be any) are thoſe who live under the 
poles of the world. 


16. A Right or Direct Sphere is that Rg 


poſition where the equator is perpen- He 


F 2 dicular 
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dicular to the horizon, the inhabitants 
whereof are thoſe who live under the 
equinoctial. 


17. An Oblique Sphere is when the 
equinoctial and the horizon make ob- 
lique angles with each other, which 
every where happens but under the 
equator and the poles. 


The arch of any parallel or declina- 
tion, which ſtands above the horizon is 
called the Diurnal Arch; and the re- 
maining part of it, which is below the 
horizon, is called the Nocturnal Arch. 


That point of the equinoctial which 
Eaſtern 
comes to the} Weſtern (part of the ho- 
rizon with any point of the Heavens, is 
Aſcenſion i 

called the 5 Peſcen fon d of that point, 
counted from the beginning of /; and if 
it be in a right ſphere, the aſcenſion or 
deſcenſion 1s called right; but if it be an 
oblique ſphere it is called an oblique aſ- 
cenſion or deſcenſion. So that, 


18. The Right Aſcenſion of the Sun, 
Moon, or any Star, &c is an arch of 
the equator contained betwixt the begin- 

| ning 
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ning of V, and that point of the equinoc- 
tial which riſes with them in a Right 
Sphere, or which comes to the meridian 
with them in an oblique ſphere. 


19. Oblique Aſcenſion, or Deſcenſion, Oblique 
is an arch of the equinoctial intercepted Hin. 
between the beginning of „, and that 
Point of the Equator which riſes or ſets 
with any point in the Heavens in an 
oblique ſphere. 


20. Aſcenſional Difference, is the A/cenfonat 
difference betwixt the right and oblique DH. 
aſcenſion or deſcenſion, and ſhews how 


long the Sun riſes or ſets before or af- 


ter the hour of ſix. 
IV. Of the Diviſion of Time. 


The parts that time is diſtinguiſhed 
into, are Days, Hours, Weeks, Months, 
and Years. ; 


A Day 1s either natural or artificial. 


A Natural Day is the ſpace of time Natura! 


elapled while the Sun goes from any fs / Dig. 


meridian or horary circle, till he arrives 


to the ſame again; or, it is the time 


contained from noon, or any particular 
F 3 hour, 
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hour, to the next noon, or the ſame 
hour again: An Artificial Day is the 
time betwixt the Sun's riſing and ſet- 
ting; to which is oppoſed the Night, 
that is, the time the Sun is hid under 
the horizon. 


Fhurs, xc. The Natural Day is divided into 2, 
Hours, each hour into 60 Minutes, each 
minute into 60 Seconds, &c. The Ar. 
tificial Days are always unequal to all l 
the inhabitants that are not under the 
equator, except when the Sun 1s in the 
equinoctial points v and , which hap- 
pens (according to our way of reckon- 
ing about the 2ſt of March, and the 
23d of September; at thoſe times the 
Sun Tiles at ſix and ſets at fix. to all the 
inhabitants of the Earth. Theſe days 
are called the Equinoxes, or Equi noctial 
Days; the firſt of which, or when the 
Sun is in the firſt point of Aries, is cal- 
ſurnal and led the Vernal Equinox, and the latter is 
22 called the Autumnal Equinox. In all 
Velen places where the Sun deſcends below the 
horizon, excepting under the equator, 
the days continually lengthen or ſhorten, 
| and that faſter or flower, according as 
| the Sun is nearer to, or further from the 
equinoctial, until he arrives to either ot 
the Solſtitial Points z or r. At thoſe 
| times 
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times the Sun ſeems to ſtand ſtill for a 
few days, and then begins to return with 
a ſlow motion towards the equinoctial, 
ſtill haſtening his pace as he comes near- 
er to it: The Sun enters the tropics of 
es and vr, about the 21ſt of June, and 
the 22d of December, which days are 
ſometimes called the Solſtices; the firſt of SoJZicer. 


- which we call the Summer Solſtice, and Seer 


| R i and inter 
the latter the Winter Solſtice. Solflices. 


All nations do not begin their day, The dif- 
and reckon their hours alike. In Great-ferent be. 
"op a . I ginningof 
Britain, France, and Spain, and in moſt che day. 
places in Europe, the days is reckoned to 
begin at midnight, from whence is count- 
ed twelve hours 'till noon, then twelve 
hours more 'till next midnight, which 
makes a compleat day; yet the Afirono- 
mers (in theſe countries) commonly be- 
gin their day at noon, and fo reckon 
24 hours 'till next noon, and not twice 
twelve, according to the vulgar com- 
putation, 


The Babylonians began their day at 


 Snn-rifing, and reckoned 24 hours 'till 


he role again! This way of computa- 
tion we call the Babyloniſh Hours. In Balylmip 
ſeveral parts of Germany they count their. 
hours from Sun-ſetting, calling the firſt 

5 F 4 hour 
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hour after the Sun has ſet, the firſt hour, 
Sc. till he ſets the next day, which they 
call the 24th hour: Theſe are commonly 
called the Ialian Hours. According to 
both theſe ways of . computation, their 
hours are commonly either a little great- 
er or leſs than the r part of a natural 
day, in proportion as the Sun riſes or 
ſets ſooner or later in the ſucceeding days. 
They have alſo this inconvenience, that 
their mid-day and mid-might happen 
on different hours, according to the ſea- 
ſons of the. year. 


The Jews and the Romans formerly di- 
vided the artificial days and nights each 
into 12 equal parts; theſe are termed 
the Jewiſhßh Hours, and are of different 
lengths, according to the ſeaſons of the 
year; a Jewiſh Hour in ſummer being 
longer ton one in winter, and a night- 
hour ſhorter. This method of compu- 
tation is now in uſe among the Turks, 
and the hours are ſtiled the firſt hour, ſe-- 
cond hun, &c, of the day or night; fo 
that A J day always falls on the fixth 
hour of the day. Thele hours are alic 
called Plane tary Hours, becauſe in every 
hour one of the {even Planets were ſup- 
poſe to 9 over the World, and ſo 
take it by turns. The firſt hour after 
wy | Sun⸗ 
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Sun-rifing on Sunday was allotted to the 
Sun; the next to Venus; the third to 


Mercury; and the reſt in order to the 
Moon, Saturn, Jupiter, and Mars. By 
«nis means on the firſt hour of the next 
day, the Moon preſided, and ſo gave the 
name to that day; and fo feven days by 
this method had names given them from 


the Planets that were ſuppoſed to govern 


on the firſt hour. 


A Week is a ſyſtem of ſeven days, in m. 


which each day 1s diſtinguiſhed by a 
different name. In moſt countries theſe 


days are called after the names of the 


ſeven Planets, as above noted. All na- 


tions that have any notion of religion, 


lay apart one day in ſeven for public 
worſhip; the day ſolemnized by Chr:/- 
tians is Sunday, or the firſt day of the 
week, being that on which our ſaviour 
roſe from the grave, on which the apo- 
ſtles afterwards uſed more particularly 
to aſſemble together to perform divine 
worthip. The Jeus obſerved Saturday, 
or the ſeventh day of the week, for their 
ſabbath, or day of reſt, being that ap- 
pointed 1n the fourth commandment un- 
der the Law. The Turks perform their 
religious ceremonies on Friday. 


A 
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A Month, A Month 1: properly a certain ſpace 

of time meaſured {ty the Moon in his 

courſe round the Earth. A Zunar Month 
Periodical is either Periodical or Synodical. A Pe- 
e rzodical Month is that ſpace of time the | 
Mints, Moon takes to perform her courſe from 

one point in the ecliptic till the arrives 

to the ſame again, which is 27 days, 

and ſome odd hours; and a Synodical 

Month 1s the time betwixt one new 

Moon, and the next new Moon, which 

is commonly about 29 days. But a 

Civil Month, is different from theſe, and 

conſiſts of a certain number of days, 

fewer or more, according to the laws 

and cuſtoms of the country where they 

are obſerved. 


The compleateſt period of time is a 
Year, in which all the varicty of ſeaſons 
return, and afterwards begin a-new. A 
A Year Sy- Tear is either Aſtronomical or Civil. An 
dereal and Aſtronomical Year is either a Sydereal, 
Tropic. wherein the Sun departing from a fixed 
Star, returns to it again; or Tropical, 
which is the ſpace of time the Sun 
takes to perform his courſe from any 
point of the ecliptic, 'ull he returns to 

it again. 
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A Tropical Year conſiſts of 365 days, 

5 hours, and 49 minutes; this is the 

time in which all the ſeaſons com- 

leatly returns, which 1s a ſmall matter 
leſs than a Sydereal Year. 


The Civil Year is the ſame with the 
Political eſtabliſhed with the laws of a 
country; and is either moveable or im- 
moveable The moveable year conſiſts 
of 365 days, being leſs than the tropi- 
cal year by almoſt fix hours, and 1s 


75 


called the Egyptian Year, becauſe ob- Egyptian 


ſerved in that Country. 


The Romans divided the year into 12 
kalendar months, to which they gave 
particular names, and are ſtill retained 
by moſt of the European nations, vV!2. 
January, February, March, April, May, 
June, July, Auguſt, September, October, 
November, and December. The number 
of days in each month may be known 
by the following verſes: 


Thirty Days hath September, 
April, June, and November; 


February hath Twenty-eight alone, 


And all the rejt have Thirty-one. 
Tho 
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The year is alſo divided into four 
quarters or ſeaſons, viz. Spring, Sum- 
mer, Autumn, and Winter. Theſe quar- 
ters are properly made when the Sun 
enters into the equinoctial and ſolſtitial 
points of the ecliptic; but in civil uies 
they are differently reckoned, according 
to the cuſtoms of ſeveral countries. 


In England, we commonly reckon the 


firſt day of January to be the firſt in 
the year, which 1s therefore vulgarly 
called New-Year's-Day; but in politi- 
cal and eccleſiaſtical affairs, the year 
15 reckoned to commence on Lady-day, 
which is the 25th of March; and from 
thence to Midſummer-day, which is the 
24th of June, is reckoned the firſt quar- 
ter; from Midſummer day to Michael- 
mas-day, which is the 29th of September, 
is the ſecond quarter; the third quar- 
ter is reckoned from Micbaelmas-day to 
Chriſtmas-day, which is the 25th of 
December; and from Chriſimas-day to 
Lady-day, 1s reckoned the laſt quarter 
in the year. In common affairs, a 
quarter 1s reckoned from a certain day 
to the ſame in the fourth month follow- 
ing. Sometimes a month is reckoned 
four weeks, or 28 days, and ſo a quar- 
ter 12 weeks, To all the inhabitants 

in 
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"or" Northern 
1 Southern 


Midſummer is properly when the Sun 
is in the tropic of? emma and 
is in the trop1 Copricers, 

their Midwinter at the oppoſite time 
of the year; but thoſe who live under 
the equinoctial have two winters, &c. 
when the Sun is in either tropic; tho' 
indeed properly, there is no ſeaſon that 


may be called winter in thoſe parts of 
the world. 


[ Hemiſphere, their 


The Egyptian year of 365 days be- 
ing leſs than the true ſolar year, by al- 
moſt fix hours, it follows, that four ſuch 
years are leſs than four ſolar years by 
a whole day; and therefore in 365 
times four years, that is, in 1460 years, 
the beginning of the years move through 
all the ſeaſons. To remedy this in- 
convemency, Julius Ceſar (conſidering 
that the ſix hours, which remain at the 
end of every year, will in four years 
make a natural day) ordered that every 
fourth year ſhould have an intercalary 


day, which therefore conſiſts of 366 


days; the day added was put in the 


month of February, by poſtponing St. 
Matthias's day, which in common years 


fall on the 24th, to the 25th of the ſaid 
month, 
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month, all the fixed feaſts in the year - 
from thenceforwards falling a week-day 
later than otherwiſe they would. Ac- 
cording to the Roman way of reckon- 
ing, the 24th of February was the ſixth 
of the kalends of March, and it was 
ordered that for this year there ſhould 
be two ſixths, or that the ſixth of the 
kalends of March ſhould be twice re- 
peated; upon which account the year 
was called Biſſcætile, which we now call 
the Leap-Year. 


To find whether the year of our 
Lord be leap-year, or the firſt, ſecond, 
or third after; divide it by tour, and 
the remainder, if there be any, ſhews 
how. many years 1t 1s after leap-year; 
but if there be no remainder, then that 
year 1s leap-year: Or, you may omit 
the hundreds and icores, and divide the 
reſidue by 4, Exemp. 757, omitting 
the hundreds and the twenties, I di- 
vide the refidue 17, by 4, and the re- 
mainder 1, ſhews it to be the firſt after 
leap-year, 


This method of reckoning the year, 
viz, making the common year to con- 
fiſt of 365 days, and every fourth year 
to have 366 days, is now uſcd in Great- 

Britain, 


1 „ nme 


F 
+ £Y 
* 4 
74 
x 
5 1 
3 * 


Sect. 1. Of the GLoBEs. 


Britain and Ireland, and ſome of the 
Northern parts of Europe, and is called 


the Julian Account, or the Old Style. Julian A- 


- . . count or the 
But the time appointed by Julius Cæſar 97 90. 


for the length of a ſolar year is too 
much; for the Sun finiſhes his courſe 
in the ecliptic, in 365 days, 5 hours, 
and 49 minutes, which is 11 minutes 
leſs than the civil year; and therefore 
he again begins his circuit 11 minutes 
before the civil year is ended; and ſo 
much being gained every year, amounts 
in 131 years, to a whole day. So that 
if the Sun in any year entered the equi- 
nox upon the 20th of March at noon, 
after the {pace of 131 years, he'll enter 
the ſame point on the ſame hour, on 
the 19th of March. And therefore the 


exquinoxes will not always fall on the 


fame day of the month, but by degrees 
will move towards the beginning of 
the year. 


At the time of the Council of Nice, 
when the terms were ſettled tor ob- 
ſerving of Eater) the Vernal Equinox fell 
upon the 21ſt of March; but by its 
falling backwards 11 minutes every year, 
it was found that in Anno 1582, when 
the kalendar was corrected, the Sun en- 
tered the equinoctial circle on the 11th 


of 
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of March, having departed ten whole 
days from its former place in the year: 
and therefore Pope Gregory the XIIIth, 
deſigning to place the equinoxes in their 
ſituation with reſpect to the year, took 
theſe ten days out of the kalendar, and 
ordered that the 11th of March ſhould 
be reckoned as the twenty-firſt: And 
to prevent the ſeaſons of the year from 
going backwards for the future, he or- 
dered every hundredth year, which in 
Julian form was to be a Brſſextile, ſhould 
be a common year, and conſiſt only of 
365 days; but that being too much, 
every fourth hundred was to remain 
Biſſextile. This form of reckoning be- 
ing eſtabliſhed by the authority of Pope 


Gregorian Gregory XIII. is called the Gregorian 


Account, or 


New Scyle. 


Account, or the New Style; and is ob- 
ſerved in all the countries where the 
authority of the Pope is acknowledged, 
and likewiſe by ſeveral nations of the 
reformed religion. There being now 
above an hundred years paſt, ſince the 
reformation was made in the kalendar, 
the Gregorian account has accordingly 
got before the Julian one day more 
than it was in the time of its inſtitu- 
tion, the difference between theſe two 
accounts being now eleven days; ſo that 
the firſt day of any month, according 
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to that way of reckoning, is the 12th 
of the ſame month, according to the 
New Style. 


I ſhall conclude this ſeftion with a 
brief account of the Atmolphere. 


The Atmoſphere is that thin body of Aue. 


air which ſurrounds the Earth, in which 


the clouds hover, and by which in their 
deſcent they are broke into drops of 
rain; which ſometimes, according to 
the warmth or coldneſs of air, are 


* froze into Snow, or Hailſtones. Thunder 


and Ligbtning are allo made in the At- 
moſph:re, and wind is nothing elſe but 
a percuſſion of the air, occaſioned by 
its different denſity in different places. 
The benefits we receive from the atmo- 
{ſphere are mnumerable; without air no 
earthly creature could live, as is plainly 
proved by expertments made by the 
Air-Pump; and the wholſomeneſs of 
a climate chiefly depends upon that of 


its air: If there was no atmoſphere to 
reflect the rays of the Sun, no part of 
the heavens would be lucid and bright, 


but that wherein the Sun was placed; 
and if a ſpectator ihould turn his back 
towa..ds the Sun, he would immediately 
perceive it to be quite dark, and the 

8 leaſt 
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leaſt Stars would be ſeen ſhining as they 
do in the cleareſt night; and the Sun 
immediately betore his ſetting would 
ſhine as brisk as at noon, but in a 
moment, as ſoon as he got below the 
horizon, the whole hemiſphere of the 
Eaith would be involved in as great a 
darkneſs as if 1t were midnight. 


But by means of the atmoſphere it 
happens, that while the Sun 1s above 
the horizon, the whole face of the hea- 
vens is ſtrongly illuminated by its rays, 
ſo as to obſcure the faint light of the 
Stars, and render them inviſible; and 
after Sun-ſetting, though we receive no 
direct light from him, yet we enjoy its 
reflected light for ſome time: For the 
atmoſphere being higher than we: are, 
is a longer time before it is withdrawn 
from the San (as if a man was to run 
to the top of a ſteeple, he might ſee the 
Sun after it had been ſet to thoſe at the 
bottom.) The rays which the atmo- 
ſphere receives from the Sun, after he is 
withdrawn from our fight, are by re- 
traction faintly tranſmitted to us; until 
the Sun having got about 18 degrees 
below the horizon, he no longer en- 
lightens our atmoſphere, and then all 
that part thereof Which is over us be- 

cOmes 
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comes dark. After the ſame manner in 
the morning, when the Sun comes with- 
in 18 degrees of our horizon, he again 
begins to enlighten the atmoſphere, and 
ſo more and more by degrees, until he 
riſes and makes full day. 


This ſmall illumination of the atmo- 
ſphere, and the ſtate of the Heavens be- 
tween day and night, is calied the 720 


The duration of twilight is different 
in different climates, and in the ſame 
place at different times of the vear. 
The beginning or ending of twilight 
being accurately given, we may from 
thence eaſily find the height of the at- 
moſphere, which 1s not always the ſame. 


The mean height of the atmoſphere is 


computed to be about 40 miles; but it 
is probable, the air may extend itſelf a 
great deal further, there being properly 
no other limits to it, as we can conceive, 


but as it continually decreaſes in denſity 
the farther remote it is from the Earth, 
in a certain ratio; which at laſt, as to 


our conception, muſt in a manner ter- 
minate. 


Twilight, 
8 or Crevuf- 
light, or the Crepuſculum. . 
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SET. . 
Geographical Definitions. 


Of the Situations of Places upon the 
Earth; of the different Situations of it: 


Inhabitants; of Zones and Climates. 


HE ſituations of places upon the 
Earth, are determined by their 
Latitude and Longitude. 


1. The Latitude of any place (upon 


the Earth) is its neareſt diſtance, either 


North or South from the Equator; and 
, Northern? 


if the place be in the Southern © hemi- 


75. 
ſphere, it is accordingly called 2 
Latitude; and is meaſured by an arch 
of the meridian intercepted betwixt the 
zenith of the ſaid place, and the equator. 
And all places that lie on the ſame ſide, 
and at the fame diſtance from the cqua- 

tor, 
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tor, are ſaid to be in the ſame parallel 
of latitude: the parallels in Geography, 
being the ſame with the parallels of de- 
clination in A/ftronomy. 


From this definition ariſe the follow- 
ing Corollaries. 


(1.) That no place can have above 9o 
degrees of latitude, either North or South. 


(2.) Theſe places that lie under the 
equinoctial (or thro which the equator 
paſſes) have no latitude, it being from 
thence that the calculation of latitudes is 
counted; and thoſe places that lie under 
the Poles have the greateſt latitude, thoſe 


points being at the greateſt diſtance from 
the equator. 


(Z.) The latitude of any place is al- 
ways equal to the elevation of the Pole in 
the ſame place above the horizon; and is 
therefore often expreſſed by the Pole's 
height, cr elevation of the Pole; the rea- 
fon of which is, becauſe from the equator 
to the Pole there is always the diſtance of 
90 degrees, and from the zenith to the ho- 
r1z0n the ſame number of degrees, each of 
theſe including the diſtance from the ⁊e— 
nith to the Pole: That diſtance therefore 
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being taken away from both, will leave 
the difunct from the zenith to the equa- 
ter, (which is the latitude) equal to the 
d.jience of the Pole to the horizon. 


(4.) The elevation of the equator in any 
place is always equal to the compiement of 


the latitude of the ſame place. 


(s.) 4 feip ſailed direth 3 Forge 


the equator 545% { her latitude, 


augments 
(or Jeggle d the Pole) juſt ſo much 
as is her diſtance ſailed. 


2. Difference of latitude is the neareſt 
diſtance betwixt any two parallels of 
latitude, ſewing how far the one is to 
the Northward or Southward of the o- 
ther, which can never exceed 180 degrees, 
And when the two places are in the 
ſame hemiſphere (or on the ſame ſide 
of the equator) the leſſer latitude ſub- 
tracted from the greater, and when 
they are on different ſides of the £qua- 
tor, the two latitudes added, gives the 
qinerence of latitude. 


The 
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3. The Longitude of any place (upon Longitude, 


the Earth) is an arch of the equator, 
contained betwixt the meridian of the 
given place, and ſome fixed or known 
meridian; or, it is equal to the angle 
formed by the two meridians, which 
properly can never exceed 180 degrees, 
tho' ſometimes the Longitude 1s counted 
Eaſterly quite round the globe. 


Since the meridians are all moveable, 
and not one that can be fixed in the 
heavens, (as the equinoctial circle is 
fixed, from whence the latitudes of all 
places are determined to be ſo much 
either North or South) the longitudes 
of places cannot ſo well be fixed from 
any other meridian, but every Geogra- 
pher is at his liberty to make which he 
pleaſes his firſt meridian, from whence 
to calculate the longitudes of other 
places. Hence it is that geographers 
of different nations reckon their lon- 
gitudes from different meridians, com- 
monly chooſing the meridian paſſing 


through the metropolis of their own 


country for their firit: Thus, the En- 
g/:/þ geographers generally make the 
meridian of London to be their firſt, the 
French that of Paris, and the Dutch 
that of Amſterdam, &c. and mariners 

G 4 gene- 
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generally reckon the longitude from 
the laſt known land they ſaw I his ar- 
bitrary way of reckoning the longitude 
from different places, makes it neceſlary, 
whenever we exprets the longitude ot 
any place, that the place from whence it 
is counted be alſo expreſſed. 


From the preceding definitions ari{c 
the following corollaries: 


I. Va body ſbould fleer directly North, 
or directiy South, quite round the globe, 
he'll continually change his latitude; and 


paſs through the twr Poles of the «corld. 


 nerthbout deviating the leaſt from the me- 


ridian of the place he departea from; and 
conſequently on his return will not differ 
in his account of time from the people re- 


hiding in the ſaid place. 


2. If a body ſhould ſteer round the globe, 
either due Eaſt, or due Weſt, be'll continu- 
ally change his longitude, but will go quite 
round without altering his latitude; and 


1 his courſe ſhould be due Eaſt, he'l! gain 


a day compleatly in his reckoning, or reckon 
one day more than the inhabitants of the 
place from whence he departed; or if his 
courſe had been Weſt, he weuld have Ii)! 
one day, or reckon one leſs. 
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The reaſon of which is evident; for 
admitting our traveller ſtee”s due Eaſt 
ſo many miles in one day as to make 
his difference of longitude equivalent 
to a quarter of an hour of time, it is 
evident that the next dav the dun will 
riſe to him a quarter of an-hour ſoon- 
er than to the inhabitants of the piace 
from whence he departed; and to daily, 
in proportion to the rate he travels, 
which in going quite round, will make 
up one natural day. In like manner, 
if he ſteers due Weſt after the ſame rate, 
he'll lengthen each day a quarter of an 
hour, and conſequently the Sun will 
riſe to him ſo much later every day; by 
which means, in going quite round, 
he'll loſe one day compleat in his reck- 
oning. From whence it follows, 


3. Flo bodies ſhould ſet out from the 


ame place, one ſteering Eaſt, and the other 


Weſt, and ſo continue their courſes quite 
round, until they arrive at the place from 
whence they ſet out, they'll differ two days 
in their reckoning at the time of their 
return. 


4. Tf a body ſhould ſtcer upon an oblique 


3 (or any where betwixt the meri- 
dian and the Eaſt or Weſt points) he'll 


con- 
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continually change both latitude and longi- 


courſe he fleers; and if he ſhould go quite 
round the globe, he'll differ in his account 
of time, as by the ſecond Corol. 


5. The people reſiding in the Faſftern- 
moſt of any two places, will reckon their 
time ſo much the ſooner than thoſe who live 
in the other place, according to the dif- 
ference of longitude betwixt the two places, 
allowing one hour for every 15 degrees, 
&c. and the conti ary. 


II. Of Zones and Climates, &c. 


Zones, Tur- 4. Zones are large tracts of the ſur- 


rid, Tempe- face of the Earth, diſtinguiſhed by the 
rate, and 


Frigia, tropics and polar circles, being five in 
rate, and two Frigid. 


The Torrid, or Burning Zone, is all 
the ſpace comprehended between the 
two tropics; the ancients imagined this 
tract of the Earth to be uninhabitable, 
becauſe of the exceſſive heat, it being ſo 
near the Sun. All the inhabitants of 
the torrid zone have the Sun in their 
zenith, or exactly over their heads twice 
in every year; excepting thoſe who live 
i ex- 


tude, and that more or leſs, according to the 


number; viz. one 7. rid two Tempe- 
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exactly under the two tropics, where 
the Sun comes to their zenith only once 
in a year. 


The two Temperate Zones lie on ei- 
ther ſide of the globe, between the tro- 
pics and the polar circles. 


The two Frigid Zones are thoſe ſpa- 
ces upon the globe that are included be- 
tween the two polar circles. 


The inhabitants of the Earth are alſo 
diſtinguiſned by the diverſity of their 
Shadows. Thoſe who live in the torrid 
zone, are called Amphiſcians, becauſe ow” 
their noon-ſhadow is caſt different ways, * 
according as the Sun 1s to the north- 
ward or {outhward of their zenith; but 
when the Sun is in their zenith, they 
are called Aſcians. Aſcians. 


The inhabitants of the temperate 
zones, are called Heteroſcians, becauſe Huero- 
their noon ſhadow is always caſt the“ 
= ſame way: But thoſe who live under the 
> tropics are called Aſcians Heteroſcians ; #aniHe- 
thoſe who live in the frigid zones are call 
led P eriſcians, becauſe ſometimes their peiſcian, 
ſhadow is caſt round about them. 


Theſe 
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Theſe hard names are only Gyee} 
words, importuig how tne Sun catts 


the ſhadow of the ſeve al inhabitants 


of the Earth; which would e a too 
trifling diſtinction to be made hare, 
was it not for the fake of complying 
with cuſtom. 


The inhabitants of the Earth are alſo 
diſtinguiſhed into three ſorts, in reſpect 
to their relative ſituation to one another, 


and theſe are called the Periæci, Anteci, 


and Antipodes. 


5. The Periæci are thoſe who live 
under oppoſite points of the ſame paral- 
lel of latitude. They have their ſea- 
ſons of the year at the ſame time, and 
their days and nights always of the ſame 
length with one another, but the one's 
Noon is the other's Midnight; and when 
the Sun is in the equinoctial, he riſes 
with the one, when he ſets with the 
other. Thoſe who live under the Pole: 
have no Periæci. 


6. The Antec: live under the ſame 
meridian, and in the ſame latitude, but 
on different ſides of the equator; their 
ſeaſons of the year are contrary, and 
the days of the one are cqual to the 

nights 
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nights of the other, but the hour of the 
day and night is the ſame with both; 


and when the Sun is in the equinoctial, 


| he riſes and ſets to both exactly at the 


ſame time. Thoſe who live under the 


* equator have no Antec. 
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5. The Antipodes are thoſe who live Aipode, 
: diametrically oppolite to one another, 
- ſtanding, as it were, exactly feet to 


feet: Their days and nights, ſummer 


and winter, are at direct contrary 
times. 


The ſurface of the Earth is by ſome 


- diſtinguiſhed into Climates. 


8. A Climate is a tract of the ſur- Climate. 
face of the Earth, included between two 
ſuch parallels of latitude, that the length 
of the longeſt day in the one exceeds 
that in the other by half an hour. 


The whole ſurface of the Earth is 


* conſidered, as being divided into 60 cli- 


mates, viz. from the equator to each of 
the polar circles 24, ariſing from the 


difference of © hour in the length of 
their longeſt days; and from the polar 
circles to the Poles themſelves, are ſix, 


5 


, 
12 
* 
* 
* 
p . 


> ariſing from the difference of an entire 


month, 
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month, the Sun being ſeen in the firſt 


of theſe a whole month without ſetting; 


in the ſecond two; and in the third, 
three months, Sc. Theſe climates 
continually decreaſe in breadth, the far. 
ther they are from the equator. How 
they are framed, v:z. the parallel of la- 
titude in which they end (that being 
likewiſe the beginning of the next) with 
the reſpective breadth of each of them, 
is ſhewed in the following table: 
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4A TABLE of the CLIMATES. 


n 


* 


— — — 


0 LIMATES between the Equator and the Polar 


Circles. 

Cli- Dee Latitude. |Breadth|| U. Longeſt Latitude. 7 

| ates| Day. D. M.JD. M.|\mates.| Day. ID. A. 
1412 [ 8 25 [8 23 [13 18 2 59 58 | 1 29 
2 | 13 16 25 | 8 00 [|] 14 | 19 61 18 | 1 20 
311i 4129 502 253 [li fig] 6a 231 7 
4 | 14 30 23 6 30 [| 16 | 20 63 22 [0 57 
5 | 14 ＋ | 96 286 8 17 | 20 F164 6 0 44 
6113 41 22 | 4 54. || 18 [21 J 64 49 0 43 
715 2 45 294 7 [| 19 21 265 210 32 
8 | 16 49 1|3 32 || 20 | 22 65 47 [0 26 
9116 251 58] 2 57 [|| 21 Foe 4 66 6 0 19 
10 | 17 54 27 | 2 29 ]] 22 | 29 66 20 | o 14 
1117 56 37 [2 10 [J 29 23 £ 66 280 8 

12 | 18 58 29 1 52 {| 24 | 2 bo 310 3 


CLIMATES between the Polar Circles and the 


| Poles. 
Length of Days. | Latitude. Length of Days. 
; Months, 3 Mont bis. 


Latitude. 
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III. Of the Poetical riſing and ſetting 1 
the Stars. 


Cofaical, The ancient Poets make frequent 
Acronical, mention of the Stars riſing and ſetting, 
IG either Coſmically, Acronically, or Helia. 
andrereing.cally; whence theſe diſtinctions are cal- 


led Poetical. 


A Star is ſaid to 7je or ſet Coſmically, 
when it rites or ſets at Sun-riſing; and 
when it ies or ſets at Sun-ſetting, it is 
ſaid to rife or ſet Acronically. A Star riſe: 
Helacally, when ticit it becomes viſible, 
after it had been ſo near the Sun as to be 
hid by the ſplendor ot his rays: And a 
Star 1s ſaid to ſet Heliacally, when 1t 1s firſt 
immerſed, or hid by the Sun s rays. 


The Fixed Stars, and the three ſuperio! 
Planets, Mars, Jupiter, and Saturn, riſe 
Heliacally in the morning; but the Moon 
riſes Heliacally in the evening, becauſe 
the Sun is ſwifter than the ſuperior Pla- 
nets, and ſlower than the Moon 


IV. Of the ſurfuce of the Earth couſidered 


as it 1s compoſed of Land and Water. 


The Farth contiiits naturally of two 
parts; Land and Water, and therefore 


4+ 
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i is called the Terraqueous Globe. Each 
2 of theſe elements is ſubdivided into 
various forms and parts, which ac- 
cordingly are diſtinguiſned by different 


4 


names. 
I. Of the Land. 


The land is diſtinguiſhed into Con- 
* tinents, Mandi. Peninſula's, Iſthumus's, 
Promontories, Mountains, or Coaſts. 


9. A Continent is a large quantity Continent: 
. of land, in which many great countries 
are joined together, without being ſe- 
J perated from each other by the fea: 
ſuch are Europe, Afia, Africa, and the 
= vaſt continent of America; which four 
are the principal diviſions of the Earth. 
A continent is ſometimes called the 


: Main Land Main Lana 


T SE? 


10. An and i is a country, or por- Hane 
- tion of land, environed round with 
water: ſuch are Great-Britain and 
Ireland; Sardinia, Sicily, &c. in the Me- 
4 diterranean Sea; the Jes of Wight, An- 
4 gleſey, &c. near England. Allo a ſmall 
part of dry land, in the midſt of a ri- 
o ver, is called an iſland, when compa- 
ic red to a leſſer, is called the continent; 
75 ; H a8 
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Ifibmus. 
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Mountain. 
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as if we compare the e of Wight to 
England, the latter may be properly cal- 
led the continent, 


11. A Peninſula is a part of land 
almoſt environed with water, ſave one 
narrow neck adjoining it to the conti- 
nent; or which is almoſt an iſland: ſuch 
is Denmark joining to Germany; alſo 
Africa is properly a large peninſula join- 
ing to Aſia. 


12. An I/ihmus is a narrow neck of 
land joining a peninſula to the conti- 
nent; as the Ihmus of Sues, which joins 
Africa to Aſia, that of Panama, joining 
North and South America, &c. 


13. A Promontory is a high part of 
land ſtretching out into the fea, and is 
often called a Cape or Headland: ſuch 
is the Cape of Good Hope in the South 
of Africa; Cape Finiſtre on the Weſi 
of Spain; allo the Lizard Point, and 
the Land's End, are two Capes or Head- 
lands on the Welt of Egland. A Moun- 
tain is a high part of land in the midſt 
of a country, over topping the adja- 
cent parts. 


14. 
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14. A Coaſt or Shore is that part of 4 Caf of 

land which borders upon the ſea, whe- See. 

ther it be in iſlands or a continent: And 

that part of the land which is far diſ- 

tant from the ſea, is called the Inland land 


Country, Theſe are the uſual diſtinc- 
tions of the land. 


The Water is diſtinguiſhed into 
Oceans, Seas, Lakes, Gulfs, Straits, and 
Ri vers. 


15. The Ocean, or Main Sea, is a Th:Ocear, 
vaſt ſpreading collection of water, not __ 
divided or ſeparated by lands running 
between; ſuch is the Atlantic or Weſtern 
Ocean: between Europe and America; 
the Pacific Ocean, or South Sea, &c. 


Note, Thoſe parts of the ocean 
which border upon the land, are called 
by various names, according to thoſe 
of the adjacent countries; as, the Brit- 
iſh Sea, the Iriſh Sea, the French and 

Spaniſh Sea. 


16. A Lake is a collection of deep 4 Lak; 
ſtanding water, incloſed all round with 
land, and not having any viſible and 
open communication with the ſea: But 
when this lake is very large, it is com- 
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monly called a ſea; as the Caſpian: Sea 
in A/ia, &c. 


17. A Gulf is a part of the ſea al- 
moſt encompaſſed with land, or that 
which runs up a great way into the 
land; as, the Gulf of Venice, &c But if 
it be very large, tis rather called an In- 
land Sea; as the Baltic Sea, the Mediter- 
ranean Sea, the Red Sea, or the Arabian 
Gulf, &c. And a ſmall part of ſea thus 
environed with land is uſually called 
a Bay. If it be but a very ſmall Part, or, 
as it were, a ſmall arm of the ſea, that 
runs but a few miles between the land, 
it is called a Creek or Haven. 


18, A Strait is a narrow paſlage ly- 
ing between two ſhores, whereby two 
ſeas are joined together; as, the Straits 
of Dover, between the Britiſh Channe, 
and the German Sea; the Straits of Grb- 
ralter, hetween the Atlantic and the Me- 
aiterranean Sea. The Mediterranean it- 
{elf is alſo ſometimes called the Straits. 


Theſe are all the neceſſary terms 
commonly uſed in Geography. The 
names of the ſeveral countries and ſeas, 
and all the principal diviſions of the 
Earth, the reader will find expreſſed 

upon 
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upon the Terreſtrial Globes. To give 
a tolerable account of the produce of 
each country, the genius of the people, 
their political inſtitutions, Sc. 1s pro- 
perly a particular ſubject of itſelf, and 
quite foreign to our deſign. We ſhall 
next proceed to the ule of the Globes; 
but firſt it may not be amiſs to take a 
ſhort review of their appurtenances. 


Thoſe circles of the ſphere that are 
fixed, are (as has been already ſaid) 
drawn upon the Globes themtelves; thoſe 
that are moveable, are ſupplied by the 
Braſs Meridian, the Wooden Heri gon, 
and the Quadrant of Altitude. 


1. That ſide of the Brazen Meridian, Braſi Me- 
which is divided into degrees, repreſents" 
the true Meridian; this fide is com- 
monly turned towards the Eaſt, and 'tis 
uſual to place the globe ſo before you, 
that the North be to the right-hand, 
and the South to the left, The me- 
ridian 1s divided into 4 quadrants, each 
being go degrees, two of which are 
numbered from that part of the equi- 
noctial, which is above the horizon, to- 
wards each of the Poles; the other two 
quadrants are numbered from the Poles 
towards the equator. The reaſon why 

H 3 two 
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Quadrant 
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two quadrants of the meridian are num- 
bered from the equator, and the other 
two from the Poles, is becauſe the for- 
mer of thele two ſerve to ſhew the diſ- 
tance of any point on the globe from the 
equator, and the other to elevate the 
globe to the latitude of the place. 


2. The upper ſide of the wooden 
frame called the Wooden Horizon; re- 
preſents the true horizon; the circles 
drawn upon this plane have been alrea- 
dy deſcribed; we may obſerve, that the 
firſt point of v is the Eaſt, and the op- 
poſite being the firſt point of & 1s the 
Weſt, the meridian paſſing PAP the 
North and South points. 


The Quadrant of Altitude is a 


Altitude. Nexible plate of thin braſs, having a nut 


and ſcrew at one end, to be faſtened to 
the meridian of either globe, as occaſion 
requires. The edge of this quadrant 
which has the graduations upon it, cal- 
led the fiducial edge, is that which is al- 
ways meant wheneyer we make mention 
of the quadrant of altitude, 


Heur Cir- 4+ The Horary or Hour Circle, is ai 


25 


vided into twice twelve hours, the two 
XII ss coinciding with the meridian; the 


upper. 
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uppermoſt XII is that at Noon, and the 
lowermoſt towards the horizon is XII 
at Night. The hours on the Eaſt fide 
of the meridian are the Morning Hours, 
and thoſe on the Weſt fide the Hours af- 
ter Noon. The axis of the globe car- 
ries round the Hand or Index which 
points the hour, and paſſes through the 
center of the hour circle. 


The things above deſcribed are com- 
mon to both globes; but there are ſome 
others which are peculiar or proper to 
one ſort of globe. The two Colures, and 
the Circles of Latitude from the eclip- 
tic, belong only to the Celeſtial Globes; 
alſo the ecliptic itſelf does properly be- 
long only to this globe, tho' it is always 
drawn on the Terreſtrial, for the ſake of 
thoſe that might not have the other globe 
by them. The equinoctial on the celeſtial 
globe is always numbered into 360 de- 
grees, beginning at the equinoctial point 
F; but on the terreſtrial, it is arbitrary, 
where theſe numbers commence, accord- 
ing to the meridian of what place you 


intend for your firſt; and the degrees 


may be counted either quite round to 360, 
or both ways, till they meet in the op- 
poſite part of the meridian, at 180. 
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The USE of the GLoBEs. 


ProBLEM I. To find the Latitude and 

Longitude of any given Place upon the 
Globe; and on the contrary, the Lati- 
tude and Longitude being given, to find 
the Place. 


I. URN the globe round its axis, 
| till the given place lies exactly 
under the (Eaſtern ſide of the braſs) 
meridian, then that degree upon the 
meridian, which is directly over it, is the 
Latitude; which is accordingly North or 
South, as it hes in the Northern or 
Southern hemiſphere, the globe remain- 
ing in the ſame poſition, 


That degree upon the equator which 
is cut by the brazen meridian, is the 
Longitude required from the firſt meri- 
dian upon the globe. If the longitude 
is counted both ways from the firſt me- 

y ridian, 
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ridian upon the globe, then we are to 
conſider, whether the given place lies 
Eaſterly or Weſterly from the firſt me- 
ridian, and the longitude muſt be ex- 
preſſed accordingly. 


The Latitudes of the following pla- 
ces: and upon a globe where the longi- 
tude 1s reckoned both ways from the me- 
ridian of London, their longitudes will 
be found as follow: 


Latitude. Longitude. 


. Deg. Deg. 
Rome - — 41 3 North. 13 Eaſt, 
Paris - - - 48 N. 2 2 . 


Mexico = - 20 N. 102 W. 
Cape Horn - 58 8. 80 W. 


2. The Latitude and Longitude being gi- 
ven to find the Place, 


Seek for the given longitude in the 
equator, and bring that point to the 
meridian; then count from the equa- 
tor on the meridian the degree of lati- 
tude given, towards the arctic and an- 
tarctic Pole, according as the latitude is 
Northerly or Southerly, and under that 
degree of latitude lies the Place required. 
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Pros. II. To find the Difference of Lati- 


tude betwixt any two given Places. 


Bring each of the places propoſed 
ſucceſſively to the meridian, and obſerve 
where they interlect it, then the number 
of degrees upon thu dαν,,wlCan, contained 
between the two interſections, Wil be the 
Difference of Latitude required. Or, if 
the places propoſed are on the ſame fide 
of the equator, having firſt found their 
latitudes, ſubtract the leſſer from the 
greater; but if they are on contrary ſides 
of the equator, add them both together, 
and the difference in the firſt caſe, and 
the fur in the latter, will be the dif- 
ference of latitude required. 


Thus the difference of latitude be- 
twixt London and Rome will be found to 
be 9 42 degrees; betwixt Paris and Cape 
Bona Eſperance 83 degrees. 


Pros, III. To find the Difference of Lon- 
gitude betwixt any two given Places. 


Bring each of the given places ſuc- 
ceſſively to the meridian, and fee where 
the meridian cuts the equator each time; 
the number of degrees contained be- 


wixt thoſe two points, if it be leſs than 
180 
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180 degrees, otherwiſe the remainder 
to 360 degrees, will be the difference of 
longitude required. Or, 


Having brought one of the given pla- 
ces to the meridian, bring the index of 
the hour circle to 12 o'clock; then hav- 
ing brought the other place to the me- 
ridian, the number of hours contained 
between the place the index was firſt 
ſet at, and the place where it now points, 
is the difference of longitude in time be- 
twixt the two places. 


Thus the difference of longitude be- 
twixt Rome and Conſtantinople will be 
found to be 19 degrees, or 1 hour and 
a quarter; betwixt Mexico and Pekin in 
China, 240 degrees, or 9 . hours. 


Pros. IV. Any Place being given to find 
all thoſe Places that are in the ſame 
Latitude with the ſame Place. 


The latitude of any given place be- 
ing marked upon the meridian, turn 
the globe round its axis, and all thoſe 
places that paſs under the ſame mark 
are in the ſame latitude with the given 
place, and have their days and nights of 
equal lengths. And when any place 
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is brought to the meridian, all the in- 
habitants that lie under the upper ſemi- 
circle of it, have their Noon or mid- 
day at the ſame point of abſolute time 
exactly. 


Pros. V. The day of the Month being 
given; to find he; Sun's Place in the 


Ecliptic, and his Declination. 


1. To find the Sun's Place: Look for 
the day of the month given in the ka- 
lendar of months upon the horizon, and 
right againſt it you'll find that ſign and 
degree of the ecliptic which the Sun 1s 
in. The Sun's place being thus found, 
look for the ſame in the ecliptic line 
which is drawn upon the globe, and 
bring that point to the meridian, then 
that degree of the meridian, which is 
directly over the Sun's place, 1s the De- 
clination required; which is accordingly 
either North or South, as the Sun 1s in 
the Northern or Southern ſigns. Thus, 


Sun's Place. Declination. 
| Deg. Min. Deg. Min. 
April 23 $43.00 18:38: 


July 31 R i a6; 
266 m2 49 12 288. 
January 20 5 49 20 078. 


Pros, 


9 
£4 
* 
* 
, 
1 
4 
7 
N 
4 
3 
1 
* 
a N 
* 4 
* 
E 
is 
- 
* 
* 
- 
" 
5 
£ 
FE 
*. 
* 
'5 
» 
* 
5 
o 
: 
„ 
* 
5 7. 
. 
K 
0 0 'Y 
p q 
* 
2 E; 
& V 
* 
$ 
7 
2 * 
+ f 
N Er To 
334 
* 
* 
* 
wy 
* 
P . 
EX 
— 23 
go 
* * 
bs 
= * 
5 * 
"Ur 
L q 
\ — 
" 
Co 
5 
4 
A wh 
A” 2 
* 
* 
7 
$1 
o * 
4 : 
"*% 
£7 
— 
3, 
- * 
* * 
1 
N. 
3 5 
15 00 
» # 
„ 5 
oe 
Ss 
- by + 
7£ 
3 . 
"os 
F 
2 
* 
af 
7 


3 the GLOBES, 


PRoB. VI. To re#tfy the Globe for the 
Latitude, Zenith, and the Sun's Place. 


1. For the Latitude: If the place be 
in the Northern hemiſphere, raiſe the 
arctic Pole above the horizon; but for 
the South latitude you muſt raiſe the 
antarctic; then move the meridian up 
and down in the notches, until the de- 
grees of the latitude counted upon the 
meridian below the Pole, cuts the hori- 
rizon, and the globe is adjuſted to the 
latitude. 


2. To rectiſy the Globe for the Zenith: 
Having elevated the globe according to 
the latitude, count the degrees thereof 
upon the meridian from the equator, 
towards the elevated Pole, and that 


point will .be the zenith or the vertex 


of the place; to this point of the meri- 
dian faſten the quadrant of altitude, fo 
that the graduated edge thereof may be 
joined to the ſaid point. 


3. Bring the Sun's place in the eclip- 
tic to the meridian, and then ſet the 
hour index to XII at Noon, and the 
globe will be rectified 20 the Sun's Place. 
If you have a little manner's compaſs. 
the meridian of the globe may be eafily 
let to the meridian of the place, 
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Pros. VII. To find the Diſtance between 


any two given places upon the Globe, 
and to find all thoſe places upon the 


globe that are at the ſame diſtance from 
a given place 


Lay the quadrant of altitude over 
both the places; and the number of de- 
grees intercepted between them being re- 
duced into miles, will be the diſtance 
required: Or, you may take the diſtance 
betwixt the two places with a pair of 
compaſſes, and applying that extent to 
the equator, you'll have the degrees of 
diſtance as before. 


Note, A geographical mile is the „th 
part of a degree; whereof if you mul- 
tiply the number of degrees by 60, the 
product will be the number of geogra- 
phical miles of diſtance ſought; but to 
reduce the ſame into Eugliſßi miles, you 
muſt multiply by 70, becauſe about 70 
Engliſh miles make a degree of a great 
circle upon the ſuper ficies of the Earth. 


Thus, the diſtance betwixt London 
and Rome will be found to be about 13 


degrees, which is 780 geographical 
miles, 
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If you rectify the globe for the lati- 
tude and zenith of any given place, and 
bring the ſaid place to the meridian; 
then turning the quadrant of altitude 
about, all thoſe places that are cut by 
the ſame point of it, are at the ſame 
diſtance from the given place. 
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PROB. VIII. To find the angle of poſition 
, of Places, or the angle formed by the 
, meridian of one Place, and a great cir- 


cle paſſing through both the Places. 


; Having rectified the globe for the 
 * latitude and zenith of one of the given 
* places, bring the ſaid place to the me- 
* _ridian, then turn the quadrant of alti- 
tude about, until the fiducial edge 
thereof cuts the other place, and the 
- number of degrees upon the horizon, 
contained between the ſaid edge and the 


meridian, will be the angle of poſition 
ſought. 


Thus, the angle of poſition at the Li- 
zard, between the meridian of the Li- | 
zard and the great circle, paſſing from 1 
thence to Barbadves is bg degrees South- 1 
Weſterly; but the angle of poſition be- 1 
tween the ſame places at Barbadbes, 1s 
but 38 degrees North-Eaſterly. 

SCHO- 
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SCHOLIUM. 


The angle of poſition between two 
places is a different thing from what is 
meant by the bearings of places; the 
Bearings of two places is determined by 
a ſort of ſpiral line, called a Rhumb 
Line, paſſing between them in ſuch a 
manner, as to make the ſame or equal 
angles with all the meridians through 
which it paſſeth; but the angle or po- 
ſition is the very ſame thing with what 
we call the azimuth in aſtronomy, 
both being formed by the meridian and 
a great circle paſſing thro' the zenith 
of a given place in the heavens, then 
called the azimuth, or upon the Earth, 
then called the angle of poſition. 


From hence may be ſhewed the error 
of that geographical paradox, viz. If 
a place A bears from another B due 
Weſt, B ſhall not bear from A due Eaſt. 
I find this paradox vindicated by an 
author, who at the ſame time gives a 
true definition of a rhumb line: But 
his arguments are ungeometrical; for 
if it be admitted that the Eaſt and 
Weſt lines make the ſame angles with 
all the meridians through which they 
paſs, it will follow that theſe lines are 
| the 
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the parallels of latitude: For any pa- 
rallel of latitude is the continuation of 
the ſurface of a Cone, whoſe ſides are the 
radii of the ſphere, and circumference 
of its baſe the ſaid parallel; and it is evi- 
dent, that all the meridians cut the 
ſaid ſurface at right (and therefore at 
equal) angles; whence it follows, that 


the rhumbs of Eaſt and Weſt are the 


parallels of latitude, though the caſe 
may ſeem different, when we draw 
inclining lines (like meridians) upon 
paper, without carrying our ideas any 
farther. 


PRoB. IX. To find the Antceci, Pericect, 
and Antipodes to any given place. 


Bring the given place to the meridian, 
and having found its latitude, count the 
ſame number of degrees on the meri- 
ridian from the equator towards the con- 
trary Pole, and that will give the place 
of the Anteci. The globe being ſtill 
in the ſame poſition, ſet the hour index 
to XII at noon, then turn the globe a- 
bout till the index points to the lower 
XII; the place which then lies under the 
meridian, having the ſame latitude 
with the given place, is the Periæci re- 
quired. As the globe now ſtands, the 
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Antipodes of the given place are under 
the ſame point of the meridian, that its 
Anteci ſtood before: Or, if you reckon 
180 degrees upon the meridian from 
the given place, that point will be the 
Antipodes. Let the given place be Lon- 
don, in the latitude of 51 + degrees 
North, that place which lies under the 
ſame meridian and the latitude 51 - 
degrees South, is the Antec; that which 
lies in the ſame parallel with London, and 
180 degrees of longitude from it, is the 
Periæci, and the Antipodes is the place 
whoſe longitude from London is 180 
degrees, and latitude 51 degrees 
South. 


PROB. X. The Hour of the Day at one 
place being given; to find the correſpon- 
dent Hour (or what o Clock it is at that 
time) in any other place. 


The difference of time betwixt two 
places 1s the ſame with their difference 
of longitude; wherefore having found 
their difference of longitude, reduced 
into time (by allowing one hour for 
every 15 degrees, Cc.) and if the place 
where the hour 1s required lies 


Weſterly from the place where the 
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hour 1s given, 1 at the differ- 


ence of longitude reduced into time 
to 
from 
or remainder will accordingly be the 
hour required. Or, 


the hour given; and the ſum 


Having brought the place at which 
the hour is given to the meridian, ſet 
the hour index to the given hour; then 
turn the globe about until the place 
where the hour is required comes to the 
meridian, and the index will point out 
the hour at the ſaid place. 


Thus when it is Noon at London, it is 
H. M. 
Rom © 52 P. M. 
Conſtantinople— 2 o7 P. M. 
Vera-Cruz - - - - 5 30 A. M. 
Pekin in China- 7 50 P. M. 


At 


PROB. XI. The Day of the Month being 


given, to find thoſe places on the globe 


where the Sun will be Vertical, or in 
the Zenith, that day. 


Having found the Sun's place in the 
ecliptic, bring the ſame to the meridian, 
and note the degree over it; then turn- 
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ing the globe round, all places that pals 
under that degree will have the Sun ver- 
tical that day. 


ProB., XII. A place being given in the 
Torrid Zone, to find thoſe two Days 
in which the Sun ſhall be Vertical to the 


ſame. 


Bring the given place to the meridian, 
and mark what degree of latitude 1s 
exactly over it; then turning the globe 
about its axis, thoſe two points of the 
ecliptic, which paſs exactly under the 
ſaid mark, are the Sun's place; againſt 
which, upon the wooden horizon, you'll 
have the days required. 


Pros. XIII. To find where the Sun ts 
Vertical at any given time aſſigned, or 
the Day of the Month and the Hour at 
any Place (ſuppoſe London) being g1- 
ven, to find in what place the Sun i, 
Vertical at that very time. 


Having found the Sun's declination, 
and brought the firſt place ¶ London) to 
the meridian, ſet the index to the given 
hour, then turn the globe about until 
the index points to XII at noon; which 
being done, that place upon the globe 

which 
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which ſtands under the point of the Sun's 
declination upon the meridian, has the 
Sun that moment in the Zenith. 


PRoB. XIV. The Day, and the Hour of 
the Day at one place, being given; to 
find all thoſe places upon the Earth, 
where the Sun is then Riſing, Setting, 
Culminating (or on the meridian) alſo 
where it is Day-light, Twilight, Dark 
Night, Miduight; where the Twilight 
then begins, and where it ends; the 
height of the Sun in any part of the il- 
luminated hemiſphere; alſo his depreſ- 
ion in the obſcure hemiſphere. 


Having found the place where the Sun 
is vertical at the given hour, rectify the 
globe for that latitude, and bring the 
ſaid place to the meridian, 


Then all thoſe places that are in the 
Weſtern ſemicircle of the horizon, have 
the Sun riſing at that time, 


Thoſe in the Eaſtern ſemicircle have 
it ſetting. 


To thoſe who live under the upper ſe- 
micircle of the meridian, it is 12 o'clock 
at noon. And, 

I 3 Thoſe 
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Thoſe who live under the lower 
ſemicircle of the meridian, have it at 
midnight. 


All thoſe places that are above the 
horizon, have the Sun above them, juſt 
ſo much as the places themſelves are 
diſtant from the horizon; which height 
may be known by fixing the quadrant 
of altitude in the zenith, and laying it 
over any particular place. 


In all thoſe places that are 18 degrees 
below the Weſtern ſide of the honzon, 
the twilight is juſt beginning in the 
morning, or the day breaks. And in 
all thoſe places that are 18 degrees be- 
low the Eaſtern fide of the horizon, 
the twilight is ending, and the total 
darkneſs beginning. 


The twilight is in all thoſe places 
whoſe depreſſion below the horizon does 
not exceed 18 degrees, And, 


All thoſe places that are lower than 
18 degrees, have dark night. 


The depreſſion of any place below the 
horizon 1s equal to the altitude of its 
Antipedes, which may be eaſily found by 
the quadrant of alitude, 


Sect. 3. the GLOBES, 
PROB. XV. The Day of the Month being 


given; to ſhow, at one view, the length 
of Days and Nights in al: places upon 
the Earth at that time; and to explain 
how the viciſſitudes of Day and Night 
are really made by the motion of the 
Earth round her axis in 24 hours, the 


Sun flanding ſtill. 


The Sun always illuminates one halt 
of the globe, or that hemiſphere which 
1s next towards him, while the other 
remains in darkneſs: And if (as by the 
laſt problem) we elevate the globe ac- 
cording to the Sun's place 1n the ecliptic, 
it 1s evident, that the Sun (he being at 
an immenſe diſtance from the Earth) 
illuminates all that hemiſphere, which 
is above the horizon; the wooden hori- 
zon itſelf, will be the circle ter minating 
light and darkneſs; and all thoſe pla- 
ces that are below it, are wholly depri- 
ved of the ſolar light. 


The globe ſtanding in this poſition, 
thoſe arches of the parallels of latitude 
which ſtand above the horizon, are the 
Diurnal Arches, or the length of the 
day in all thoſe latitudes at that time 


of the year; and the remaining parts of 


thoſe parallels, which are below the 
I 4 hori- 
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horizon, are the No#urnal Arches, or 
the length of the night in thoſe places. 
The length of the diurnal arches may be 
found by counting how many hours are 
contained between the two meridians, 
cutting any parallel of latitude, in the 
Eaſtern and Weſtern parts of the horizon. 
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In all thoſe places that are in the | 
| Weſtern ſemicircle of the horizon, the | 
| Sun appears riſing: For the Sun, ſtand- ; 
| ing ſtill in the vertex (or above the braßs N 

mer:dian) appears Eaſterly, and go de- 
grees diſtant from all thoſe places that are 
in the Weſtern ſemicircle of the horizon; | 
and therefore in thoſe places he is then 
riſing. Now, if we pitch upon any 
particular place upon the globe, and 
and bring it to the meridian, and then 
bring the hour index to the lower 12, 
which in this caſe, we'll ſuppoſe to be 12 
at noon; (becauſe otherwiſe the numbers 
upon the hour circle will not anſwer our 
purpoſe) and afterwards turn the globe 
about, until the aforgſaid place bebrought 
to the Weſtern ſide of the horizon; the 
index will then ſheve the time of the 
Sun riſing in that place. Then turn 
the globe gradually bout from Weſt 
to Eaſt, and minding the hour index, 
we > ſhall ſee the progreſs made in the 

day 
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day every hour, in all latitudes upon 
the globe, by the real motion of the 
Earth round its axis; until, by their con- 
tinual approach to the braſs meridian 
(over which the Sun ſtands ſtill all the 
while) they at laſt have noon day, and 
the Sun appears at the higheſt; and then 
by degrees, as they move Eaſterly the 
Sun ſeems to decline Weſtward, until, 
as the places ſucceſſively arrive in the 
Eaſtern part of the horizon, the Sun ap- 
pears to ſet in the Weſtern: For the 
places that are in the horizon, are go 
degrees diſtant from the Sun. We may 
obſerve, that all places upon the Earth, 
that differ in latitude, have their days of 
different length (except when the Sun 
is in the equinoctial) being longer or 
{horter, in proportion to what part of 
the parallels ſtands above the horizon. 
Thoſe that are in the ſame latitude, have 
their days of the ſame length; but have 
them commence ſooner or later, accord- 
ing as the places differ in longitude. 


PROB. XVI. To explain in general the 
alteration of Seaſoxs, or length of the 


Days and Nights made in all places of 


the Werld, by the Sun's (or the Earth's) 
annual motion in the Ecliptic. : 
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It has been ſhewed in the laſt pro- 
blem, how to place the globe in ſuch a 
poſition as to exhibit the length of the 
diurnal and noctuinal arches in all 

laces of the Earth, at a particular 
time: If the globe be continually recti- 


fied, according as the Sun alters bis 


declination, which may be known by 
bringing each degree of the ecliptic ſuc- 
ceſſivcly to the meridian) you'll ſee the 
gradual increaſe or decreaſe made in the 
days, in all places of the World, ac- 
cording as a greater or leſſer portion of 
the parallels of latitude, ſtands above 
the horizon. We ſhall illuſtrate this 
problem by examples taken at different 
times of the year. 


1. Let the Sun be in the firſt point of 


es (which happens on the 2 1ſt *of June) 
that point being brought to the meri- 
dian, will ſhew the Sun's declination to 
be 23 degrees North; then the globe 
muit be rectified to the latitude of 24 : 
degrees; and for the better illuſtration 
of the problem, let the firſt meridian 
upon the globe be brought under the 
braſs meridian. The globe being in 
this poſition, you'll ſee at one view the 
length of ihe days in all latitudes, by 
counting the number of hours contained 

between 
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between the two extreme meridians, 
cutting any particular parallel you pitch 
upon, in the Eaſtern and Weſtern part 
of the horizon. And you may obſerve 
that the lower part of the arctic circle 
juſt touches the horizon, and conſe- 


quently all the people who live in that 


latitude have the Sun above their hori- 
zon for the ſpace of 24 hours, without 
ſetting; only when he is in the lower 
part of the meridian (which they would 
call 12 at night) he juſt touches the 
horizon. 


To all thoſe who live between the 
arctic circle and the Pole, the Sun does 
not ſet, and its height above the hori- 
zon, when he is in the lower part of the 
meridian, is equal to their diſtance from 
the arctic circle: For example, Thoſe 
who live in the 83d parallel have the 
Sun when he is loweſt at this time 13+ 
degrees high. 


If we caſt our eye Southward, to- 
wards the equator, we ſhall find, that 
the diurnal arches, or the length of 
days in the ſeveral latitudes, gradually 
leſſen: The diurnal arch of the parallel 
of London at this time is 16 £ hours; 
that of the Equator (is always) 12 hours; 


and 
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and ſo continually leſs, till we come to 
the Antarctic Circle, the upper part of 
which juſt touches the horizon; and 
thoſe who live in this latitude have juſt 
one ſight of the Sun, peeping as it were 
in the horizon: And all that ſpace be- 
tween the antarctic circle and the South 
Pole, lies in total darkneſs. 


If from this poſition we gradually 
move the meridian of the globe accord- 
ing to the progreſſive alterations made 
in the Sun's declination, by his motion 
in the ecliptic, we ſha!! find the diurnal 
arches of all thoſe parallels, that are on 
the Northern {ide of the equator, con- 
tinually decreale; and thoſe on the 
Southern ſide continually increaſe, in the 
ſame manner as the days in thoſe places 
ſhorten and lengthen. Let us again ob- 
ſerve the globe when the Sun has got 
within 10 degrees of the equinoctial; 
now the lower part of the 8oth parallel 
of North latitude juſt touches the hori- 
zon, and all the ſpace betwixt this and 
the pole, falls in the illuminated he- 
miſphere: but all thoſe parallels that 
lie betwixt this and the arctic circle, 
which before were wholly above the 
horizon, do now interſect it, and the 
Sun appears to them to riſe and ſet. 

From 
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From hence to the equator, we ſhall 
find that the days have gradually ſhort- 
ened; and from the equator Southward, 
they have gradually lengthened, until we 
come to the 8oth parallel of the South 
latitude; the upper part of which juſt 
touches the horizon, and all places be- 
twixt this and the South Pole are in total 
darkneſs; but thoſe parallels betwixt this 
and the antarachc circle, which be- 
fore were wholly upon the horizon, are 
now partly above it; the length of their 


days being exactly equal to that of the 


nights in the ſame latitude in the con- 
trary hemiſphere. This alſo holds uni- 
verſally, that the length of one day in 
one latitude North, is exactly equal to 
the length of the night in the ſame la- 
titude South; and vice verſa, 


Let us again follow the motion of 
the Sun, until he has got into the equi- 
noctial, and take a view of the globe 
while it is in this poſition. Now all 
the parallels of latitude are cut into two 
equal parts by the horizon, and con- 
ſequently the days and nights are of 
equal lengths, viz. 12 hours each, in 
all places of the world; the Sun rifing 
and ſetting at ſix o'clock, exceptingunder 
the two Poles, which now lie exactly 


in 
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in the horizon: Here the Sun ſeems to 
ſtand ſtill in the ſame point of the hea. 
vens for ſome time, until by degrees, 
by his motion in the ecliptic, he aſ- 
cends higher to one and diſappears to 
the other, there being properly no days 
and nights under the Poles; for there 
the motion of the Earth round its axis 
cannot be obſerved, 


If we follow the motion of the Sun 
towards the Southern tropic, we ſhall 
ſee the diurnal arches of the Northern 
parallels continually decreaſe, and the 
Southern ones increaſe in the ſame pro- 

rtion, according to their reſpective 
13 the North Pole continually 
deſcending, and the South Pole aſcend- 
ing, above the horizon, until the Sun 
arrives into , at which time all the 
ſpace within the antarctic circle is a- 
bove the horizon; while the ſpace be- 
tween the arctic circle, and its neigh- 
bouring Pole, is in total darkneſs. And 
we ſhall now find all other circumſtances 
quite reverſe to what they were when 
the Sun was in ; the nights now all 
over the world being of the ſame length 
that the days were of before. 


We 
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We have now got to the extremity 
of the Sun's declination; and if we fol- 
low him through the other half of the 
ecliptic, and rectify the globe accord- 
ingly, we ſhall find the ſcaſons return in 
their order, until at length we bring the 

globe into its firſt poſition, 


The two foregoing problems were 
not, as I know of, publiſhed in any book 
on this ſubje& before; and I have dwelt 
the longer upon them, becauſe they very 
well illuſtrate how the viciſſitudes of 
days and nights are made all over the 
world, by the motion of the Earth 
round her axis; the horizon of the 
globe being made the circle, ſeparating 
light and darkneſs, and ſo the Sun to 
ſtand ſtill in the vertex. And if we 
really could move the meridian, accord- 
ing to the change of the Sun's decli- 
nation, we ſhould ſee at one view, the 
continual change made in the length 
of days and nights, in all places on the 
Earth; but as globes are fitted up, this 
cannot be done; neither are they adapt- 
ted for the common purpoſes, in places 
near the equator, or any where in the 
Southern hemiſphere. But this incon- 
venience is now remedied (at a ſmall 
additional expence) by the hour circle 

being 
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being made to ſhift to either Pole; and 
ſome globes are now made with an 
hour circle fixed to the globe at each 
Pole between the globe and meridian, 
ſo as to have none without ſide to in- 
terrupt the meridian from moving quite 
round the wooden horizon, 


Pros. XVII. To fhew by the globe, at 
one view, the longeſt »f the Days and 
Nights in any particular places, at all 
times of the Year. 


Becauſe the Sun, by his motion in 
the ecliptic, alters his declination a ſmall 
matter every day; 1t we ſuppoſe all the 
torrid zone to be filled up with a ſpiral 
line, having io many turnings; or a ſcrew 
having ſo many threads, as the Sun is 
days in going from one tropic to the o- 
ther: And theſe threads at the fame dif- 
tance from one another in all places, as 
the Sun alters his declination in one day 
in all thoſe places reſpectively: This ſpi- 
ral line or ſcrew will repreſent the ap- 
parent paths deſcribed by the Sun round 
the Earth every day; and by following the 
thread from one tropic to the other, and 
back again, we ſhall have the path the 
Sun ſeems to deſcribe round the Earth in 


a year, Burt becauſe the inclinations of 
theſe 
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theſe threads to one another are but 
ſmall, we may ſuppoſe each diurnal path 
to be one of the parallels of latitude, 
drawn, or ſuppoſed to be drawn upon 
the globe. Thus much being premiſed, 
we ſhall explain this Prob/em, by placing 
the globe according to ſome of the moſt 
remarkable poſitions of it, as before we 


did for the moſt remarkable ſeaſons of 


the year. 


In the preceding problem, the globe 
being rectified according to the Sun's de- 
clination, the upper parts of the parallels 
of latitude, repreſented the Dzurnal 


Arches, or the length of the days all over 


the world, at that particular time: Here 
we are to rectify the globe according to 
the latitude of the place, and then the 
upper parts of the parallels of declination 
are the diurnal arches; and the length of 
the days at all times of the year, may 
be heredetermined by finding the number 
of hours contained between the two ex- 
treme meridians, which cut any paral- 
tel of declination in the Eaſtern and 
Weſtern points of the horizon; after the 
fame manner, as before we found the 
length of the day 1n the ſeveral latitudes 
at a particular time of the year. 


r. Let 
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1. Let the place propoſed be under 
the equinoctial, and let the globe be ac- 


cordingly rectified for oo degrees of la- 


titude, which is called a direct poſition 
of the ſphere. Here all the parallels of 
latitude, which in this caſe we will call the 
parallels of declination, are cut by the 
horizon into two equal parts; and con- 
ſequently thoſe who live under the equi- 
noctial, have the days and nights of the 
{ame length at all times of the year; 
and alſo in this part of the Earth, all 
the Sars rife and ſet, and their continu- 
ance above the horizon, i is equal to their 
ſtay below it, viz. 12 hours. 


If from this poſition we gradually 
move the globe according to the ſeveral 
alterations of latitudes, which we will 


ſuppoſe to be Northerly; the lengths of 


the Diurnal Arches will continually in- 
creaſe, until we come to a parallel of de- 
clination, as far diſtant from the equi- 
noctial, as the place itſelt is from the Pole, 
This parallel will juſt touch the horizon, 
and all the heavenly bodies that are be- 
twixt it and the Pole never deſcend be- 
low the horizon. In the mean time, 
while we are moving the globe, the 
lengths of thediurnalarchesof the South- 
ern parallels of declination, continually 
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diminiſh in the ſame proportion that 
the Northern ones increaſed; until we 
come to that parallel of declination which 
is ſo far diſtant from the equinoctial 
Southerly, as the place itſelf is from the 
North Pole. The upper part of this 
Parallel juſt touches the horizon, and 
all the Stars that are betwixt it and the 
South Pole never appear above the ho- 
rizon. And all the nocturnal arches of 
the Southern parallels of declination, are 
exactly of the ſame length with the di- 
urnal arches of the correſpondent paral- 
tels of North declination. 


2. Let us take a view of the globe 
when it is rectified for the latitude of 
London, or 1 degrees North. When 
the Sun is in the tropic of , the day 
is about 162 hours; as he recedes from 
this tropic, the days proportionably 
ſhorten, until he arrives into , and 
then the days are at the ſhorteſt, being 
now of the ſame length with the night, 
when the Sun was in , vi. 7 hours. 
The lower part of that parallel of de- 
clination, which is 38 , degrees from 
the equinoctial Northerly, juſt touches 
the horizon; and the Stars that are be- 
twixt this parallel and the North Pole, 


never ſet to us at London. In like man- 
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ner the upper part of the Southern pa- 
rallel of 38 degrees juſt touches the ho- 
rizon, and the Stars that he betwixt this 
parallel and the Southern Pole, are never 
viſible in this latitude. 


Again, let us rectify the globe for the 
latitude of the Arctic Circle, we ſhall 
then find, that when the Sun is in S, he 
touches the horizon on that day with- 
out ſetting, being 24 hours compleat 
above the horizon; and when he is in 
Capricorn, he once appears in the hori- 
zon, but does not riſe in the ſpace of 24 
hours: When he 1s in any other point 
of the ecliptic, the days are longer or 
ſhorter, according to his diſtance from 
the tropics. All the Stars that lie be- 
tween the tropic of Cancer, and the 
North Pole, never ſet in this latitude; 


and thoſe that are between the tropic of 


Capricorn, and the South Pole, are al- 
ways hid below the horizon. 


If we elevate the globe ſtill higher, 
the circle of perpetual Apparition will 
be nearer the equator, as will that of 


perpetual Occultation on the other fide, 


For example, Let us rectify the globe 
for the latitude of 80 degrees North: 
when the, Sun's declination is 10 de- 

grees 
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grees North; he begins to turn above 
the horizon without ſetting; and all the 
while he is making his progreſs from 
this point to the tropic of , and back 
again, he never ſets. After the ſame 
manner, when his declination is 10 de- 
grees South, he is juſt ſeen at noon in 
the horizon; and all the while he is 
going Southward, and back again, he 
diſappears, being hid juſt ſo long as be- 
fore, at the oppoſite time of the year he 
appeared viſible. 


Let us now bring the North Pole in- 
to the Zenith, then will the equinoctial 
coincide with the horizon; and conſe- 
quently all the Northern parallels are 
above the horizon, and all the Southern 
ones below it. Here is but one day and 
one night throughout the year, it be- 
ing day all the while the Sun is to the 
Northward of the equinoctial, and night 
for the other half year. All the Stars 
that have North declination, always ap- 
pear above the horizon, and at the ſame 
height; and all thoſe that are on the 
other ſide, are never ſeen. | 


What has been here ſaid of rectify- 
ing the globe to North latitude, holds 


for the ſame latitude South; only that 
K 2 before 
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before the longeſt days were, when the 
Sun was in , the ſame happening now 
when the Sun is in ; and ſo of the reſt 
of the parallels, the ſeaſons being di- 
rectly oppoſite to thoſe who live in dif- 


ferent hemiſpheres. 


I ſhall again explain ſome things de- 
livered above in general terms, by par- 
ticular problems. 


But from what has been already ſaid, 


we may firſt make the following obſer- 
vations : 


1. All places of the Earth do equally en- 


joy the benefit of the Sun, ix reſpect of time, 


and are equally deprived of it, the Days at 
one time of the Year, being exactiy equal to 
the Nights at the oppoſite ſeaſon. 


2. In all places of the Earth, ſave ex- 
attly under the Poles, the Days and Nights 
are of equal leugib (viz. 12 hours each) 
when the Sun is in the equinoctial. 


. Thoje who live under the equi noctial, 


Pave the days and nights of equal lengths at 
all times of the year. 


In all paces between the equino&Hal 
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and the Poles, the days and nights are ne- 
ver equal, but when the Sun is in the equi- 
noctiai points M and &. 


The nearer any place is to the equator, 


the leſs i is the difference between the length of 


the artificial days and nights in the ſaid 
place; and the more remote the greater, 


6. To all the inhabitants lying under the 
ſame parallel of latitude, the days and 
nights are of equal lengths, and that at 
all times of the year. 


The Sun is vertical twice a year to 
all places between the tropics; to thoſe un- 
der the irop1ics, once a year; but never any 
where elſe. 


8. In all places between the Polar Cir- 
cles, and the Poles, the Sun appears ſome 
number of days without ſetting; and at 
the oppoſite time of the year he is for the 
fame length of time without riſiug; and 
the nearer unto, or further remote from 
the Pole, thoſe places are, the longer or 
ſherter is the Sun's continued preſence or 


abjence from the Pole. 


9. In all places lying exa&#ly under 
the Polar Circles, the Sun, when he is in 
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the neareſt tropic, appears 24 hours with. 
out ſetting; and when he 1s in the contrar 

tropic, he is for the ſame length of time 
without rifing; but at all other times of the 
2 he riſes and ſets there, as in other 
2 aces, 


Northern ? 
Southern 8 
hemiſphere, the longeſt day and ſhort- 
eft night, is when the Sun is in the 
CN kn 

Southern 


10. In all placeslying in the 3 


0 tropic; and on the contrary. 


PROB. XVIII. The Latitude of any place, 
not exceeding 66 degrees, and the day 
of the Month being given; to find the 
lime of Sun-rifing and ſeiting, and the 
length of the Day and Night. 


Having rectified the globe according 
to the latitude, bring the Sun's place to 
The meridian, and put the hour index to 
12 at noon; then bring the Sun's place 
the Eaſtern part of the horizon, and the 
index will ſhew the time when the Sun 
riſes. Again, turn the globe until the 
Sun's place be brought to the Weſtern 
de of the horizon, and the index will 
new the time of Sun-ſetting. 


The 
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The hour of Sun-ſetting doubled; 
gives the length of the day; and the 
hour of Sun- riſing doubled, gives the 
length of the night. 


Let it be required to find when the Sun 
riſes and ſets at London on the 20th of 
April. Rectify the globe for the latitude 


of London, and having found the Sun's 


place correiponding to May the 1ſt, vix. 
s 10 à degrees, bring s to 103 degrees 
to the meridian, and ſet the index to 12 
at noon; then turn the globe about till 
1 10 degrees be brought to the Eaſtern 
part of the horizon, and you'll find the 
index point 44 hours, this being doubled, 
gives the length of the night 9 © hours. 
Again, bring the Sun's place to the Weſt- 
ern part of the horizon, and the index 
will point 7 hours, which is the time of 
Sun-ſetting; this being doubled, gives 
the length of the day 14 hours. 


PrRoB. XIX. To find the length of the 
longe/i and ſhorteſt Day and e in 


any given place, not exceeding 66 de- 
grees of Latitude. 


Nete, The longeſt day at all places on 


the 080 Ty "Oh ny of the equator, is when 


the 
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theSun isin thefirſt point of 707 i 8 


Capricorn 
Wherefore having rectified the globe for 
the latitude, find the time of Sun-riſing 
and ſetting, and thence the length of 
the day and night, as in the laſt pro- 
blem, according to the place of the Sun: 
Or, having rectified the globe for the 
latitude, bring the ſolſtitial point of that 
hemiſphere, to the Eaſt part of the ho- 
rizon, and ſet the index to 12 at noon; 
then turning the globe about till the 
ſaid ſolſtitial point touches the Weſtern 
ſide of the horizon, the number of 
hours from noon to the place where 
the index points (being counted accord- 
ing to the motion of the index) is the 
length of the longeſt day; the com- 

lement whereof to 24 hours, 1s the 
length of the ſhorteſt night, and the 
reverſe gives the ſhorteſt day and the 
longeſt night, 


Longeſt Day. Sher. N. 
Deg. Hours. Hours. 


45 +. ii Oo 
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If from the length of the longeſt day, 


you ſubtract 12 "hours, the number of 
half 
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half hours remaining, will be the Cli- 
mate: Thus that place where the long- 
eſt day is 16 ＋ hours, lies in the gth 


Climate. And by the reverſe, having 


the Climate, you have thereby the length 
of the longeſt day. 


ProB. XX. To find in what Latitude the 
longeſt Day ts, of any given length, 
leſs than 24. hours, 


Bring the ſolſtitial point to the me- 
ridian, and ſet the index to 12 at noon; 
then turn the globe Weſtward, till the 
index points at half the number of 
hours given; which being done, keep 
the globe from turning round its axis, 
and ſlide the meridian up or down in 
the notches, till the ſolſtitial point comes 
to the horizon, then that elevation of 
the Pole will be the latitude. 


If the hours given be 16, the lati- 


tude 1s 49 degrees; if 20 hours, the la- 
titude is 63 + degrees, 


PROB. 
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PRoB. XXI. A place being given in one 
of the Frigid Zones (ſuppoſe the North- 
ern) to find what number of Days 
{of 24 hours each) the Sun doth con- 

ſtant y ſhine upon the ſame, how long he 
is abſent, and alſo the firſt and laſt Day 
of his appearance. 


Having rectified the globe according 
to the latitude, turn it about until ſome 
point in the firſt quadrant of the eclip- 
tic (becauſe the latitude 1s North) in- 
terſects the meridian in the North point 
of the horizon; and right againſt that 
point of the ecliptic on the horizon, 
ſtands the day of the month when the 
longeſt day begins. 


And if thels1obe be turned about till 
ſome point in the ſecond quadrant of 
the ecliptic cuts the meridian in the 
ſame point of the horizon, it will ſhew 
the Sun's place when the longeſt day 
ends, whence the day of the month may 
be found, as before: Then the number 
of natural days contained between the 
times the longeſt day begins and ends, 
is the length of the longeſt day re- 
quired. 


Again, 
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Again, turn the globe about, until 
ſome point in the third quadrant of the 
ecliptic cuts the meridian in the South 
part of the horizon; that point of the 
ecliptic will give the time when the 
longeſt night begins. Laſtly, turn the 
globe about, until ſome point in the 
fourth quadrant of the ecliptic cuts the 
meridian in the South point of the ho- 
rizon; and that point of the ecliptic 
will be the place of the Sun when the 
longeſt night ends. 


Or, the time when the longeſt day 
or night begins, being known, their 
end may be found by counting the 
number of days from that time to the 
ſucceeding ſolſtice; then counting the 
ſame number of days from the ſol- 
ſtitial day, will give the time when it 
ends. 


PROB. XXII. To find in what Latitude 
the longeſt Day is, of any given length 
leſs than 182 Natural Days. 


Find a point in the ecliptic half fo 


many degrees diſtant from the ſolſtitial 
point, as there are days given, and bring 
that point to the meridian; then keep 
the globe from turning round its axis, 

and 
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and move the meridian up or down until 
the aforeſaid point of the ecliptic comes 
to the horizon; that elevation of the 
Pole will be the latitude required. 


If the days given were 78, the lati- 


tude is 71 + degrees. 


This method 1s not accurate, becauſe 
the degrees in the ecliptic do not correſ- 
ond to narural days; and alſo becauſe 
the Sun does not always move in the 
ecliptic at the ſame rate; however, ſuch 
problems as theſe may ſerve for amuſe- 
ments. 


Pros. XXIII. The day of the Month be- 
ing given, to find when the Morning and 
Evening Twilight begins and ends, in 
any place upon the Globe. 


In the foregoing problem, by the 
length of the day, we mean the time 
from Sun-riſing to Sun-fet; and the 
night we reckoned from Sun- ſet, till he 
roſe next morning. But it is found by 
experience, that Total Darkneſs does 
not commence in the evening, till the 
Sun has got 18 degrees below the ho- 
rizon; and when he comes within the 
fame diſtance of the horizon next morn- 
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ing, we have the firſt Dawn of Day. 
This faint light which we have m the 
morning and evening, before and after 
the Sun's riſing and ſetting, is what we 


call the Twilight. 


* Having rectified the globe for the Preb. V. 


latitude, the zenith, and the Sun's place, 
turn the globe and the quadrant of 
altitude until the Sun's place cuts 18 
degrees below the horizon (if the qua- 
drant reaches ſo far) then the index 
upon the hour circle will ſhew the be- 
ginning or ending of twilight after the 
{ame manner as before we found the 
time of the Sun-riſing and ſetting, in 
Prob. 18. But by reaſon of the thick- 
neſs of the wooden horizon, we can't 
conveniently fee, or compute when the 
Sun's place 1s brought to the point afore- 
ſaid. Wherefore the globe being rec- 
tified as above directed, turn the globe, 
and alſo the quadrant of altitude, Weſt- 
ward, until that point in the ecliptic, 
which 1s oppoſite to the Sun's place, 
cuts the quadrant in the 18th degree 
above the horizon; then the hour in- 
dex will ſhew the time when day 
breaks in the morning. And if you 
turn the globe and the quadrant of al- 
titude, until the point oppoſite to the 

Sun's 
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Sun's place cuts the quadrant in the 
Eaſtern hemiſphere, the hour hand 
will ſhew when twilight ends in the 
evening. Or, having found the time 
from midnight when the morning twi- 
light begins, if you reckon ſo many hours 
before midnight, it will give the time 
when the evening twilight ends. Having 
found the time when twilight begins in 
the morning, find the time of Sun-ri- 
ſing, by Prob. 18, and the difference will 
be the duration of twilight. 


Thus at London on the 12th of May 
twilight begins at three quarters paſt 
one o'clock: The Sun riles at about 


half an hour paſt four: Whence the 


duration of twilight now is 2 3. hours, 
both in the morning and evening. On 
the 12th of November, the twilight be- 
gins at halt an hour paſt fix, being 
ſomewhat above an hour before Sun- 
riſing. 


PROB. XXIV. To find the time when to- 
tal Darkneſs ceaſes, or when the Twi- 
light continues from Sun-ſetting to Sun- 
ſetting, in any given place. 


Let the place be in the Northern he- 
miſphere; then if the complement of 
the 
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the latitude be greater than (the de- 
preſſion) 18 degrees, ſubtract 18 de- 
grees from it, and the remainder will 
be the Sun's declination North, when 
total darkneſs ceaſes. But if the com- 
plement of the latitude is leſs than 18 
degrees, their difference will be the 
Sun's declination South, when the twi- 
light begins to continue all night. If 


the latitude is South, the only differ- 


ence will be, that the Sun's dechnation 
w1ll be on the contrary fide, 


Thus at London, when the Sun's de- 
clination North is greater than 20.” de- 
grees, there 1s no total darkneſs, but 
conſtant twilight, which happens from 
the 26th of May to the 18th of July, be- 
ing near two months. Under the North 
Pole the twilight ceafes, when the Sun's 
declination 1s greater than 18 degrees 
South, which is from the 14th of No- 


vember, till the 29th of January: 80 


that notwithſtanding the Sun is abſent 
in this part of the world for half a year 
together, yet total darkneſs does not con- 
tinue above 11 weeks; and beſides, the 
Moon is above the horizon for a whole 
fortnight of every month throughout 
the year. 


BY PROB, 
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PROB. XXV. The day of the Month be- 
given; to find thoſe places of the Fri. 
gid Zones, where the Sun begins ty 
ſhine continually without ſetting; and 
alſo thoſe places where he begins to be 
totally abſent, 


Bring the Sun's place to the meridian, 
and mark the number of degrees con- 
tained betwixt that point and the equa- 
tor; then count the ſame number of 
degrees from the neareſt Pole (v:z. the 
North Pole, if the Sun's dechnation is 
Northerly, otherwiſe the South Pole) to 
wards the equator, and note that point 
upon the meridian; then turn the globe 
about, and all the places which paſs un- 
der the ſaid point, are thoſe where the 
Sun begins to ſhine conſtantly, without 
ſetting on the given day. If you lay 
the ſame diſtance from the oppoſite Pole 
towards the equator, and turn the globe 
about, all the places which paſs under 


that point, will be thoſe where the long- 


eſt night begins, 


The Latitude of the place being given, 10 
find the hour of the day ⁊cben the Sun 


ines. 
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Fit be in the ſummer, elevate the Pole 
according to the latitude, and ſet the 
meridian due North and South; then 


; the ſhadow of the axis will cut the 
hour on the Dial-plate: For the globe 


being rectified in this manner, the hour 


circle is a true Equinoctial Dial; the 


axis of the globe being the Gnomon. 
This holds true in Theory, but it might 


not be very accurate in practice, becauſe 


of the difficulty in placing the horizon 


of the globe truly horizontal, and its 


meridian due North and South. 


If it be in the winter half year, ele- 
vate the South Pole according to the 
latitude North, and let the North part 
of the horizon be in the South part of 
the meridian; then the ſhade of the 
axis will ſhow the hour of the day as 
before: But this cannot be ſo conveni- 
ently performed, tho' the reafon 1s the 
ſame as in the former caſe. 


To find the Sun's altitude, when it ſhines, 
by the Globe. 


Having ſet the frame of the globe 
truly horizontal or level, turn the North 
Pole towards the Sun, and move the 
meridian up or down in the notches, 
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until the axis caſts no ſhadow; then the 
arch of the meridian, contained betwixt 
the Pole and the horizon, 1s the Sun's 
altitude, 


Note, The beſt way to find the Sun's 
altitude, 15 by a little quadrant gra- 
duated into degrees, and having fights 


and a plummet to it: Thus, hold the 
quadrant in your hand, ſo as the rays | 
of the Sun may pals through both the 
ſights, the plummet then hanging free- 
ly by the fide of the inſtrument, will 


cut in the limb the altitude required. 


Theſe quadrants are to be had at the 


inſtrument- makers, with lines drawn 
upon tnem, for finding the hour of the 
day, and the azimuth; with ſeveral 
other pretty concluſions, very entertain- 
ing for beginners. 


The Latitude and the Day of the Month 


being given, to find the hour of the day 
when the Sun ſhines. 


Having placed the wooden frame up- 
on a level, and the meridian due North 
and South, rectify the globe for the la- 
titude, and fix a needle perpendicularly 
over the Sun's place: The Sun's place 
being brought to the meridian, ſet the 

hour 
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hour index at 12 at noon, then turn 
the globe about until the needle. points 


exactly to the Sun, and caſts no ſhadow, 
aud then the index will ſhew the hour 
of the day. 


PRoB. XXVI. The Latitude, the Sun's 


Place, and his Altitude, being given; 
to find the hour of the Day, and the 
Sun's Azimuth from the Meridian. 


Having rectified the globe for the 


| latitude, the zenith, and the Sun's place, 
turn the globe and the quadrant of 


altitude, ſo that the Sun's place may 


cut the given degree of altitude: then 


the index will ſhow the hour, and the 
quadrant will cut the azimuth in the 
horizon. Thus, if at London, on the 
21ſt of Auguſt, the Sun's altitude, be 
36 degrees in the forenoon, the hour 
of the day will be IX, and the Sun's 


azimuth about 58 degrees from the 


South part of the meridian. 


The Sun's Azimuth being given, to place 
the Meridian of the Globe due North 
and South, or to find a Meridian Line 
when the Sun ſhines. 
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Let the Sun's azimuth be 30 degrees 
South-Eaſterly, ſet the horizon of the 
globe upon a level, and bring the North 
Pole into the zenith; then turn the ho— 
rizon about until the ſhad2 of the axis 
cuts as many hours as 1s equivalent to 
the azimuth (allowing 1 5 degrees to an 
hour) in the North-Weſt part of the 
hour circle, viz. X at night, which be- 
ing done, the meridian of the globe 
ſtands in the true meridian of the 
place. The globe ſtanding in this po- 
ſition, if you hang two plummets at 
the North and South points of the 
wooden horizon, and draw a line be- 
twixt them, you will have a meridian 
line; which if it be on a fixed plane (as 
a floor or window) 1t will be a guide 
tor placing the globe due North and 
South, at any other time. 


PROB. XXVII. The Latitude, Hour of 
the Day, and the Sun's place being 
given, to find the Sun's Altitude and 
Azimuth. 


Rectify the globe for the latitude, the 
zenith, and the Sun's place, then the 
number of degrees contained betwixt 
the Sun's place and the vertex, is the 
Sun's meridional zenith diſtance ; the 

com- 
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complement of which to go degrees, 1s 
the Sun's meridian altitude. If you 
turn the globe about until the index 
points to any other given hour, then 
bringing the quadrant of altitude to cut 
the Sun's place, you will have the Sun's 
altitude at that hour; and where the 
quadrant cuts the horizon, 1s the Sun's 
azimuth at the ſame time. Thus 
May the iſt at London, the Sun's meri- 
dian altitude will be 61 5. degrees; and 
at 10 o'clock in the morning, the Sun's 
altitude will be 52 degrees, and his azi- 
muth about 50 degrees from the South 
part of the meridian. 


PROB. XXVIII. The Latitude of the place, 
and the day of the Month being given ; 


to find the depreſſion of the Sun below 


the Horizon, and the Azimuth at any 
Hour of the Night, 


Having rectified the globe for the la- 
titude, the zenith, and the Sun's place, 
take a point in the ecliptic exactly op- 
polite to the Sun's place, and find the 

Sun's altitude and azimuth, as by the 
laſt problem, and theie will be the de- 
preſton and the altitude required. Thus, 
if the time given be the iſt of December, 
at 10 o'clock at night, the depreſſion and 
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azimuth will be the ſame as was found 
in tac laſt problem. 


PROB XXIX. The Latitude, the Sun's 
Place, and his Azimuth being given, to 
find his Altitude, and the Hour. 


Rectify the globe for the latitude, the 
zenith, and the Sun's place, then put the 
quadrant of altitude to the Sun's azi- 
muth in the ho11zon, and turn the globe 
till the Sun's place meet the edge of the 
quadrant, then the ſaid edge will ſhew 
the altitude, and the index point to the 
hour. Thus, May the 21ſt at London 
when the Sun is due Eaſt, his altitude 
will be about 24 degrees, and the hour 
about VII in the morning; and when his 
azimuth is 60 degrees South-Weſterly, 
the altitude will be about 44 degrees, 
and the hour about 2 in the afterncon. 


Thus, the latitude and the day being 
known, and having beſides either the al- 
titude, the azimumh, or the hour; the 


other two may be caſily found. 


PROB. XXX. The Latitude, the Sun's 
Altitude, and his Azimuth being given; 
to ind his Place in the Acliptic and the 
Hour, 


Rectify 
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Rectify the globe for the latitude and 
zenith, and ſet the edge of the quadrant 
to the given azimuth; then turning the 
globe about, that point of the ecliptic 
which cuts the altitude, will be the 
Sun's place. Keep the quadrant of the 
altitude in the ſame poſition, and hav- 
ing brought the Sun's place to the me- 
ridian, and the hour index to 12 at 
noon, turn the globe about till the 
Sun's place cuts the quadrant of alti- 
tude, and then the index will point the 
hour of the day. 


PROB XXXI. The Declination and Me- 
ridian Altitude of the Sun, or of any 
Star being given; to find the Latitude 

f the Place. 


Mark the point of declination upon 
the meridian, according as it is either 
North or South from the equator; then 
{lde the meridian up or down in the 


- notches, till the point of dechnation be 


ſo far diſ ant from the horizon, as is the 
glven meridian altitude; that elevation 
of the Pole will be the latitude. 


Thus, if the Sun's, or any Star's me- 
ridian altitude be 50 degrees, and its 
de- 
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declination 11-2 degrees North, the lati- 
tude will be 51.1 degrees North, 


PROB. XXXII. The Day and Hour of a 
Lunar Eclipſe being known; to find all 
thoſe Places upon the Globe where the 
fame will be viſible. 


* Find where the Sun 15s vertical at 
the given hour, and bring that point to 
the zenith; then the Eclipſe will be vi- 
ſible in all thoſe places that are under 
the horizon; Or, if you bring the An- 
tipodes to the place where the Sun is 
vertical, into the zenith, you will have 
the places where the Eclipſe will be vi- 
ſible above the horizon. 


Note, Becauſe Lunar eclipſes continue 
ſometimes for a long while together, 
they may be ſeen in more places than 
one hemiſphere of the Earth; for by 
the Earth's motion round its axis, du— 
ring the time of the eclipſe, the Moon 
will riſe in ſeveral places after the 
eclipſe began. 


Note, When an eclipſe of the Sun is 
central, if you bring the place where the 
Sun is vertical at that time, into the 
zenith, ſome part of the eclipſe will be 

viſi- 


Sect. 3. the GLOBES. 


viſible in moſt places within the upper 
hemiſphere; but by reaſon of the ſhort 
duration of Solar eclipſes, and the la- 
titude which the Moon commonly has 


at that time (tho' but ſmall) there is 


no certainty in determining the places 
where thoſe eclipſes will be viſible by 
the globe; but recourſe muſt be had to 
calculations, 


PRoB. XXXIII. The Day of the Month, 
and Hour of the Day, according to our 
way of reckoning in England, being gi- 
ven; to find thereby the Babylonic, Ita- 
lic, and the Jewiſh, or Judaical Hour. 


1. To find the Babylonic Hour (which 
is the number of hours from Sun-r1- 
ſing.) Having found the time of Sun- 
riſing in the given place, the difference 
betwixt this and the hour given, 1s the 
Babylonic Hour. 


2. To find the TLalic Hour (which is 
the number oi hours from Sun-ſetting. 
Subtract the hour of Sun- ſetting from 
the given hour, and the remainder will 
be the Italic Hour required, 


3. To find the Jew!/h Hour (which is 
part of an Artificial Day.) Find how 
many 
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many hours the day conſiſts of; then ſay, 
as the number of hours the day conſiſts 
of is to 12 hours, ſo is the hour ſince Sun- 
riſing to the Judaica! hour required. 


Thus, if the Sun riſes at 4 o'clock 
(conſequently ſets at 8) and the hour gi- 
ven be 5 in the evening, the Babylontſh 
hour will be the 13th, the Talic the 2 :it 


and the Few:/þ hour will be nine and 
three quarters. 


The converſe heing given, the hour of 
the day, according to our way oi reckon- 
ing in England, may be eaſily toand. 


The following Problems are peculiar 
to the Celeſtial Globe. 


PROB. XXXIV. To find the Right Alcen- 


ion and Declination of the Sun, or any 
Fixed Star. 


Bring the Sun's place in the ecliptic 
to the meridian; then that degree of 
the equator, which is cut by the meri- 
can, will be the Sw's Right Aſcenſion; 
and th at degree of the meridian, which 
13 exactly over the Sun's place, 1s the 
Sun's Declination. 


Aſter 
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After the ſame manner, bring the 
place of any Fixed Star to the meridian, 
and you will find its Right Aſcenſion 
in the equinoctial, and Declination of 
the meridian. 


Thus, the right aſcenſion and decli- 
nation is found, after the ſame manner 
as the longitude and latitude of a place 
upon the Terreſtrial Globe. 

Note, The right aſcenſion and decli- 
nation of the Sun vary every day; but the 
right aſcenſion, &c. of the Fixed Stars 1s 
the ſame throughout the year“. 


The Sun's Right Aſcenſion. Declin. 


Deg. Deg. 
January 31 --- 314 174 S, 
April 5 ——— ta: N. 
Than an July 21 ------- 1204 20 N. 
November 26 242 21 8. 
e 

| Deg. Deg. 
Aldebaran — — 65 16 N. 
Spica Virginis <=-=-=== 1974 9 8. 
Capellæã———— —— 74 4 N 


Syrius, or the Dog-Star 98 163 8. 


* The inſenſible change in the Longitude, Right 
Aſcenſion, and Declination of the Fixed Stars, made by 
their flow motion, parallel to the ecliptic (being but 1 
degree in 72 vears) is not worth notice in this place. 


Note, 
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Note, The declination of the Suri 
may be found after the ſame manner by 
the Terreſtrial Globe, and alſo his right 
aſcenſion, when the equinoctial is num- 
bered into 360 degrees, commencing at 
the equinoctial point : But as the 
equinoctial is not always numbered ſo, 
and this being properly a Problem in 
Aſtronomy, we chooſe rather to place it 
here. 


By the converſe of this problem, hav- 
ing the right aſcenſion and declination 
ot any point given, that point itſelf may 
be eaſily found upon the globe. 


PROB. XXXV. To find the Longitude and 
Latitude of a given Star. 


Having brought the ſolſtitial colure 
to the meridian, fix the quadrant ot al- 
titude over the proper Pole of the eclip- 
tic, whether it be North or South; then 
turn the quadrant over the given Star, 
and the arch contained betwixt the Star 
and the ecliptic, will be the latitude, 
and the degree cut on the ecliptic will 
be the Star's longitude. 


Thus the latitude of Arcturus will be 
found to be 31 degrees North, and the 
lon- 
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longitude 200 degrees from , or 20 
degrees from : The latitude of 
Fomalhaut in the Southern Fiſh, 21 de- 
grees South, and longitude 299 £ de- 
grees, or r 29 + degrees. By the con- 
verſe of this method, having the lati- 
tude and longitude of a Star given, it 
will be eaſy to find the Star upon the 
globe. 


The diſtance betwixt two Stars, or 
the number of degrees contained be- 
twixt them, may be found by laying 
the quadrant of altitude over each of 
them, and counting the number of de- 
grees intercepted; after the ſame man- 
ner as we found the diſtance betwixt 
two places on the Terreſtrial Globe, in 
Prob. VII. 


PROB. XXXVI. The Latitude of the 
Place, the Day of the Month, and the 
Hcur being given; to find «chat Stars 
are then riſing or ſetting, what Stars 
are culminating, or on the meridian, and 
the Altitude and Azimuth of any Star 
above the Horizon; and alſo how to diſ- 
tinguiſh the Stars in the Heavens one 


from the other, and to know them by 


their proper Names, 


Having 
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Having rectified the globe for the la- 
titude, the zenith, and the Sun's place, 
turn the globe about until the index 

oints to the given hour, the globe be- 
ing kept in this poſition, 


Allthoſe Stars that arein the Weſtern 


5 Riſing, 7 
(Setting. 5 


All thoſe Stars that are under the 
meridian, are then culminating. And 


Eaſtern { 


ſide of the horizon, are then 


if the quadrant of altitude be laid over 


the center of any particular Star, it will 
ſhow that Star's altitude at that time; 
and where it cuts the horizon, will be 
the Star's azimuth from the North or 
South part of the meridian. 


The globe being kept in the fame ele- 
vation, and from turning round its axis, 
move the wooden frame about until the 
North and South points of the horizon 
lie exactly in the meridian; then right 
lines imagined to paſs from the center 
thro' each Star upon the ſurface of the 
globe, will point out the real Star in the 
heavens, which thoſe on the globe are 
made to repreſent. And if you are by 
the ſide of ſome wall whoſe bearing you 

know , 
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know, lay the quadrant of altitude to 


that bearing in the horizon, and it will 


cut all thoſe Stars which at that very time 
are to be ſeen in the ſame direction, or 
cloſe by the fide of the ſaid wall. Thus 
knowing ſome of the remarkable Stars in 
any part of the heavens, the neighbour- 
ing Stars may be diftinguiſhed by obſerv- 
ing their ſituations with reſpect to thoſe 
that are already known, and comparing 
them with the Stars drawn upon the 


globe. 


Thus, if you turn your face towards 
the North, you will find the North Pole 
of the globe points to the Pole-Star; then 
you may obſerve two Stars ſomewhat leſs 
bright than the Pole-Star, almoſt in a 
right line with it, and four more which 
form a ſort of quadrangle; theſe ſeven 
Stars make the conſtellation called the 
Little Bear; the Pole Star being in the tip 
of the tail. In this neighbourhood you 
will obſerve ſeven bright Stars, which are 
commonly called Charles's Wane; theſe 
are the bright Stars in the Great Bear, 
and form much ſuch another figure with 
thoſe before- mentioned in the little Bear: 
The two foremoſt of the ſquare lie al- 


moſt in a right line with the Pole Star, 
and are called the Pointers; ſo that know- 
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ing the Pointers, you may eaſily find the 
Pole Star. Thus the reſt of the Stars in 
this conſtellation, and all the Stars in the 
neighbouring conſtellations may be ea- 
ſily ound, by obſerving how theunknown 
Stars lie either in quadrangles, triangles, 
or {trait lines, from thole that are already 
known upon the globe. 


After the ſame manner the globe be- 
ing rectified, you may diſtinguith thoſe 
Stars that are to the Southward of you, 
and be ſoon acquainted with all the Stars 
that are viſible in our hemiſphere. 
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The globe being rectified to the lati- 
tude of any place, if you turn it round 
its axis, all thoſe Stars that do not go 
below the horizon during a whole re— 
volution of the globe, never ſet in that 
place; and thoſe that do not come above 
the horizon never le, 


PROB XXXVII. The latitude of the place 
being given; to find the Amplitude, Ob- 
linue Aſcenſion and Deſcenſion, Afcenſ;- 
onal Dijjerence, Semi-diurnal Arch, and 
ihe time cf continuance above the bort- 
2672, of any given point iu the heavens. 

Having, 
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Having rectified the globe for the la- 
titude, and brought the given point to 
the meridian, ſet the index to the hour 
of 12; then turn the globe until the 
given point be brought to the Eaſtern fide 
of the horizon, and that degree of the 
equinoctial which 1s cut by the hort- 
zon at that time, will be the O&/-9ue 
Aſcenſion; and where the given point cuts 
the horizon, is the Amplitude Oritve: If 
the globe be turned about until the given 
point be brought to the Weſtern fide of 
the horizon, it will there ſhow the Am- 
plitude Occafive; and where the horizon 
cuts the equinoctial at that time, is the 


Obligue Deſcenſion. 


The time between the index at either 


of theſe two poſitions, and the hour of 
6; or half the difference between the 
oblique aſcenſion and deſcenſion is the 
Aſcenſional Difference. 


It theplacebe in North latitude and the 


N i | North ? 
. DN 1 2 
declination of the g1venpoint be > Scath 


the aſcenſional difference reduced into 


. 8 added to N 

time, and b -6 O Clock 
: ſubtracted from g 

gives the Semi- diurnal Arch; the com- 


plement whereof to a ſemicircle, is the 
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Semi- nocturnal Arch. It the place be 
in South latitude, then the contrary 
is to be obſerved with reſpect to the 
declination 


The ſemi-} nagt { arch being 


nocturnal 
doubled, gives the time of continuance 
Ae the horizon. Or the time of 
below 


continuance above the horizon, may 
be found by counting the number of 
hours contained in the upper part of 
the horary circle, betwixt the place 
where the index pointed when the given 
point was in the Eaſtern or Weſtern 
parts of the horizon. If the given point 
was the Sun's place, the index pointed 
the time of his riſing and ſetting, when 
the ſaid place was in the Eaſtern and 


Weſtern parts of the horizon, as in 


Precb. 18. Or the time of Sun-rifing 
may be found by adding or ſubtracting 
his aſcenſional difference, to or from 
the hour of ſix, according as the lati- 
tude and declination are either contrary 
or the ſame way. 


Thus, at London, on the 3 iſt of May, 

the Sux's 5 
Amplitude is 24 degrees Northerly. 
Oblique Aſcenſion, 20. 


Ob- 
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Oblique Deſcenſion, 58, 

Aſcenſional Difference, 19. 

Semidurnal Arch, 109. 

His continuance above the horizon, 
14 * hours. 

Sun riſes at three quarters paſt four, 

Sun ſets a quarter paſt ſeven, 


Theſe things for the Sun vary every 
day; but for a Fixed Star the day of the 
month need not be given, for they are 
the ſame all the year round. 


In the latitude of 51 North, Syrus's 
Amplitude is about 28 degrees Southerly. 

Oblique Aſcenſion, 121. 

Oblique Deſcenſion, 7 5. 

Aſcenſional Difference, 23. 

Semi- diurnal Arch, 67. 

Continuance above the horizon, 9g 
hours. 


PROB. XXXVIII, The Latitude and the 
Day of the Month being given; to find 
the Hour when any known Star will be 
upon the meridian, and alſo the time of 
ts riſing and ſetling. 


Having rectified the globe for the la- 
titude of the Sun's place, bring the given 
Star to the meridian, and alſo to the Eaſt 

M 3 or 
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or Weſt fide of the horizon, and the 
index will ſhew accordingly when the 
Star cr:/minates, or the time of the ri- 


ing or ſetting. ; 


Thus at London, on the 21ſt of Janu- 
ary, Svrius will be upon the meridian, 
at a quarter paſt ten in the evening; 
riſes at 5 hours, and ſets at three quar- 
ters paſt two in the mor ning. 


By the converſe of this problem, 
knowing the time when any Star 1s up- 
on the meriqien, you may eaſily find 
the Sun's piace Thus, br ing the given 
| Star to the meridian, and ſet the index to 
3 the given hour; then turn the globe 'till 
3 the index points to 12 at noon, and the 
B meridian wii! cut the Sun's place in the 
i ecliptic. Thus when Syrzus comes to 
the meridian at 10 hours after noon, 
the Sun's place will wy 8 deg. 


Ly . 
= 


PROB, XXXIX. To 10 al what time 
* of the Year a given Star will be upon 
the Meridian, at a given Hour of t {he 


the Ni 8 bt. 


Bring the Star to the meridian, and 
ſet the index to the given hour, then turn 
the globe till the index points to 12 at 
$9 | | noon, 
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Sect. 3. the GLOBEs. 


noon, and the meridian will cut the e- 
cliptic in the Sun's place; whence the da 
of the month may be cafily found in the 
kalendar upon the horizon, 


PRoB. XL. The Day of the Month, and 
the Azimuth of any known Star being 


given; to find the Hour of the Night. 


Having rectified the globe for the la- 
tiude and the Sun's place, if the given 
Star be due North or South, bring it to 
the meridian, and the index will ſhow 
the hour of the night. If the Star be in 
any other direction, fix the quadrant of 
altitude in the zenith, and ſet it to the 
Star's azimuth in the horizon; then turn 
the globe about until the quadrant cuts 
the center of the Star, and the index wall 
ſhew the hour of the night. 


The bearing of any point in the 
heavens may be found by the following 
methods. 


Having a meridian line drawn in two 
windows, that are oppoſite to one ano- 


ther, you may crols it at right angles 


with another line repreſenting the Eaſt 
and Weſt; from the point of the inter- 
ſection deſcribe a circle, and divide each 

M4 qua- 
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quadrant into go degrees; then get a 
{mooth board, ot about 2 feet long, and 
3 tout broad (more or leſs, as you judge 
convenient) and on the back part of it 
fix another ſmall board croſſways, ſo that 
it may ſerve as a foot to ſupport the big- 
geſt board upright, when it is ſet upon 
a level, or an horizontal plane. The 
board being thus prepared, ſet the lower 
edge of the ſmooth, or fore ſide of it, 
cloſe to the center of the circle, then 
turn it about to the meridian, or to any 
azimuth point required (keeping the 
edge of 1t always cloſe to the center) and 
calling your eye along the flat fide of it, 
you will eaſily perceive what Stars are 
upon the meridian, or any other bear- 
ing that the board is ſet to. 


PROB. XLI. To known Stars having the 
fame Azimuth, or the ſame He! The, be- 
?ng given; 10 find the Hour of the Night. 


Rectify the globe for the latitude, the 
zenith, and the Sun's place. 


1. When the two Stars are in the 
ſame azimuth, turn the globe, and alfo 
the quadrant about, until both Stars 
coincide with the edge thereof; then will 
he index ſhew the hour of the night; 

and. 
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and where the quadrant cuts the ho- 


rizon, is the common azimuth of both 
Stars. 


2. If the two Stars are of the ſame al- 
titude, move the globe ſo that the ſame 
degree on the quadrant will cut both 
Stars, then the index will ſhew the hour. 


This problem is uſeful when the quan- 


tity of the azimuth of the two Stars in 


the firſt caſe, or of their altitude in the 
latter caſe, is not known. 


If two Stars were given, one on the meridi- 
an, and the other in the Eaſt or Weſt part 
of the horizon; to find the Latitude, 


Bring that Star which was obſerved 
on the meridian, to the meridian of the 
globe, and keep the globe from turning 
round its axis; then ſlide the meridian 
up or down in the notches, till the other 
Star 15 brought to the Eaſt or Weſt part 
of the horizon, and that elevation of the 
Pole will be the Latitude fought. 


PROB. XLII. The Latitude, Day of the 
Month, and the Altitude of any known 
Star being given; to find the Hour of 
the Night. 

58 Rec- 
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Rectify the globe for the latitude, ze- 
nitl:, and Sun's place: Turn the globe, 
and the quadrant of altitude, backward 
or forward, till the center of that Star 
meets the quadrant in the degree of al- 
titudc given; then the index wili point 
the true hour of the night; and alſo 
Where the quadrant cuts the horizon, 
will be the azimuth of the Star at that 
time. 


Tf the Latitude, the Sun's Altitude, and his 
Declination (inſtead of his Place in the 
Ecliptic) are given; to find the Hour 
of the Day and Azimuth. 


Rectify the globe for the latitude and 
zenith, and having brought the equz- 
noctial colure to the meridian, ſet the 
index to 12 at noon; which being done, 
turn the globe and the quadrant, until 
the given dechnation in the equinoctial 
colure, cuts the altitude on the qua- 
drant; then the index will ſhew the Hour 
of the day, and the quadrant cut the 
Azimuth in the horizon. 


Tf the Altitude of two Stars on the ſame 
Azimuth were given; to find the Lati- 
tude of the Place. 


Set 
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Set the quadrant over both Stars at 
the obſerved degrees of altitude, and 
keep it faſt upon the globe with your 
fingers; then ſlide the meridian up or 
down in the notches, till the quadrant 
cuts the given azimuth in the horizon; 


that elevation of the Pole will be the la- 
titude required. 


PRoB. XLIII. Having the Latitude of 


the place, to find the degree ef the 
Echptic, which riſes or ſets with a given 
Star; and from thence to determine the 


time of its Colmical and Achronical 
rifins and ſetting. 


Having rectiſied the globe for the la- 
titude, bring the given Star to the Eaſt- 
ern fide of the horizon, and mark what 
degree of the echptic riſes with it: Look 
for that degree in the wooden horizon, 
and right againſt it, in the kalendar, 
you wil Il find the month and day when 
the Star rif's Coſmicaily. If you bring 
the Star to the Weſtern fide of the ho- 
rizon, that degree of the celihte which 

riſes at that time, will give the day of the 
month when the ſaid <tar ſets Coſmical- 
ly. Solikewile OI the degree which 
lets with the e Star, $00 WI: find the day 
of the month of the Achronical ſe gt 
; an 
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and if you bring it to the Eaſtern part 
of the horizon, that degree which ſets 
at that time will be the Sun's place when 
the Star viſes Achronically. 


Thus, in the latitude of London, Sy- 
rius, or the Dog-Star, riſes Coſmically the 
roth of Auguſt, and ſets Coſmically the 
10th of O&ober. Aldebaran, or the Bull's 
Eye, riſes Achronically on the 22d of 
May, and ſets Achronically on the 19th 
of December. 


PROB. XLIV. Having the Latitude of 
the place, to find the time when a Star 


riſes and ſets Heliacally. 


Having rectified the globe for the la- 
titude, bring the Star to the Eaſtern fide 
of the horizon, and turn the quadrant 
round to the Weſtern fide, 'till it cuts 
the ecliptic in 12 degrees of altitude 
above the horizon, if the Star be of the 
firſt maznitude; then that point of the 
ecliptic which 1s cut by the quadrant, 1s 
12 degrees high above the Weſtern part 
of the horizon, when the Star riſes; but 
at the ſame time the oppoſite point in 
the chptic is 12 degrees below the Eaſt- 
ern part of the horizon, which is the de- 
preſſion of a Star of the fir? magnitude, 
| when 
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when ſhe riſes Heliacally; or has got fo 
far from the Sun's beams, that ſhe may 
be ſeen in the morning before Sun-riſing. 
Wherefore look for the ſaid point of the 
ecliptic on the horizon, and right againſt 
it will be the day of the month when the 
Star riſes Heliacally. To find the Helia- 
cal ſetting, bring the Star to the Weſt 
ſide of the horizon, and turn the qua- 
drant about to the Eaſtern ſide, till the 
12th degree of it above the horizon, cuts 
the ecliptic; then that degree of the eclip- 
tic which is oppoſite to this point, is the 
Sun's place when the Star ſets Heliacally. 
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Thus you will find that Arcturus riſes 
Heliacally the 28th of September, and ſets 
Heliacally December the 2d. 


PRoB. XLV. To find the place of any 
Planet upon the globe; and ſo by that 
means, to find its place in the Heavens: 
Alſo to find at what Hour any Planet 
will riſe or ſet, or be on the meridian at 
any one Day in the Year. | 


You muſt firſt ſeek in an Ephemeris 
(White's Ephemeris will do well enough) 
for the place of the Planet propoſed on 
that day; then mark that point of the 
ecliptic, either with chalk, or by ſticking 

on 
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on a little black patch; and then for that 
night you may perform any problem, as 
before, by a Fixed Star. 


Let it be required to find the ſituation 
of Jupiter among the Fixed Stars in the 
heavens, and alſo what time he riſes 
and ſets, and comes to the meridian on 
the 19th of May, 1757, N. S. at London. 


Looking for the 19th of May, 1757, in 
I bite's Ephemeris, I find that Jupiter's 
place at that time 1s in about 12 degrees 
of m; latitude about 14 degree North. 
Then looking tor that point upon the 
Celeſtial globe, I find that u is then 
nearly in conjunction with the bright 
Star in the Southern Balance, and about 
1 degree North of it. 


To find when he riſes and ſets, and 
comes to the meridian : Having put a 
little black patch on the place of iter, 
elevate the globe according to the lati- 
tude, and having brought i Sun's place 
to the meridian, ſet the hour index to 
12 at nvon; then turn the mark which 
was made for Jubiter, to the Faſtern 
part of the horizon, I find u will riſe 
fo.rewhat more than half an hour after 
three in the afternoon; and turning the 
globe 
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globe about, I find it comes to the meri- 
dianalittle before eleven at night; and ſets 
almoſt a quarter paſt ſix next morning. 


This example being underſtood, it will 
be eaiy to find when either of the other 
two ſuperior Planets, vis. Mars and Sa- 
turn, ile, ſet, and come to the meridian. 


I ſhall conclude this ſubject about the 
Globes with the following problems, 


PROB. XLVI. To find all that ſpace upon 
the Earth, where an Eclipſe of one of the 
Satellites of Japiter will be viſible. 


Having found that place upon the 
Earth, in which the Sun is vertical at the 
time of the eclipſe, by Prob. 13, elevate 
the globe according to the latitude of the 
ſaid place; then bring the place to the 
meridian, and ſet the hour index to 12 at 
noon. If Jupiter be in conſequence 
of the Sun, draw a line with black lead, 
or the like, along the Eaſtern fide of the 
horizon, which line will paſs over all 
thoſe places where the Sun is ſetting at 
that time; then count the difference be- 
twixt the right aſcenſion of the Sun, and 
that of Jupiter, and turn the globe Weſt- 


ward, 'till the hour index points to this 
differ. 
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difference; then keep the globe from 
turning round its axis, and elevate the 
meridian, according to the declination of 
Jupiter. The globe being in this poſiti- 
on, draw a line along the Eaſtern fide of 
the horizon; then the ſpace between this 
line, and the line before drawn, will com- 
prehend all thoſe places of the Earth 
where Jupiter will be viſible, from the ſet- 
ting of the Sun, to the ſetting of Jupiter. 


But if Jupiter be in antecedence of the 
Sun (i. e. riſes before him) having brought 
the place where the Sun is vertical, to the 


zenith, and put the hour index to 12 at 


noon, draw a line on the Weſtern fide of 
the horizon; then elevate the globe ac- 
cording to the declination of Jupiter, and 
turn it about Eaſtward, until the index 
points to ſo many hours diſtant from 
noon, as is the difference of right aſcen- 
ſion of the Sun and Jupiter. The globe 
being in this poſition, draw a line along 
the Weſtern ſide of the horizon; then the 
ſpace contained between this line, and 
the other laſt drawn, will comprehend 
all thoſe places upon the Earth where 
the Eclipſe is viſible, between the riſing 
of the Sun, and that of Jupiter. 
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The DESCRIPTION V the 
Great Ox R ERV, lately made 
by Mr. THOMAS W RIGHT, 
Mathematical Inftrument- 
Maker to his late MajnsTyY, 
and now by BrxjamMix 
CoLF, his Succeſſor. 


= NMNXM HE ORRERx is an Aſtrono- 
A T — mical Machine, made to re- 
5 preſent the motions of the 


Mn oy Planets. Theſe machines are 
made of various ſizes, ſome having more 


Planets than others; but I ſhall here 


confine myſelf to the deſcription of that 
abovementioned. 


In the Introduction we gave a ſhort 
account of the Order, Periods, Di/tances, 
and Magnitudes of the Primary Planets, 
and of the Diftances and Periodical Re- 
volutions of the Secondary Planets round 
their reſpective Primaries. We ſhall here 
explain their Stations, Regradations, 

N Eclip- 
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Piece. 
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Eclipſes, Phaſes, &c. but firſt let us take 
a general view of the Orrery. 


The frame which contains the wheel- 
work, Sc. that regulates the whole Ma- 
chine, is made of fine ebony, and 1s near 
four feet in diameter; the outſide there- 
of is adorned with twelve pilaſters, cu- 
riouſly wrought and gilt: Between theſe 
pilaſters the twelve Signs of the Zodiac 
are neatly painted, with gilded frames. 
Above the frame is a broad ring, ſup- 
ported with twelve pillars: This ring 
repreſents the Plane of the Ecliptic, up- 
on which there are two ſcales of de- 
grees, and between thoſe the names and 
characters of the twelve Signs. Near 
the outſide is a ſcale of months and 
days, exactly correſponding to the Sun's 
place at noon, each day throughout 
the year. 


Above the ecliptic ſtands ſome of the 
principal circles of the ſphere, according 
to their reſpective ſituations in the hea- 
vens, viz. N* 10, are the two Colures, 
divided into degrees, and halt degrees; 
Ne 11, is one half of the Equinoctial 
Circle, making an angle with the eclip- 
tic of 23; degrees. The Tropic of Can- 
cer, and the Arctic Circle, are each fixed 

Parallel 
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Parallel, and at their proper diſtance 
from the equinoctial. On the North- 
ern half of the ecliptic is a braſs ſemi- 
circle, moveable upon two points fixed 
in rv and : This ſemicircle ſerves as a 
moveable horizon, to be put to any de- 
gree of latitude upon the North part of 
the meridian. The whole machine is 
alſo ſo contrived, as to be ſet to any la- 
titude, without in the leaſt affecting any 
of the inſide motions: For this purpoſe 
there are two ſtrong hinges (N? 13, 
fixed to the bottom frame, upon which 
the inſtrument moves, and a ſtrong braſs 
arch, having holes at every degree, 
thro which a ſtrong pin is to be put, 
according to the elevation. This arch 
and the two hinges, ſupport the whole 
machine, when it is lifted up according 
to any latitude; and the arch at other 
times lies conveniently under the bot- 
tom frame. 


| When the machine is ſet to any la- 
titude (which is eaſily done by two men, 
each taking hold of two handles, con- 
veniently fixed for that purpoſe) ſet the 
moveable horizon to the ſame degree 
upon the meridian, and you may form 


an idea of the reſpective altitude, or de- 


preſſions of the Planets, above or helow 
| N 2 the 
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the horizon, according to their reſpective 
poſitions, with regard to the meridian. 


Within the ecliptic, and nearly in the 
{ame place thereof, ſtands the Sun, and 
all the Planets, both Primary and Se- 
condary. The Sun (N? 1.) ſtands in 
the middle of the whole ſyſtem, upon a 
wire, making an angle with the plane 
of the ecliptic, of about 82 degrees; 
which 1s the inclination of the Sun's 
ax1s, to the axis of the echptic. Next 
to the Sun is a ſmall ball (N 2.) re- 
preſenting Mercury: Next to Mercury is 
Venus (N 3.) repreſented by a larger 
ball (and both theſe ſtand upon wires, 
ſo that the balls themſelves may be more 
viſibly perceived by the eye. The Earth 
is repreſented (Nꝰ 4.) by an ivory ball, 
having ſome of the principal meridians 
and parallels, and a little sketch of a 
map deſcribed upon it. The wire which 
ſupports the Earth, makes an angle with 
the plane of the ecliptic 66 5 degrees, 
which is the inclination of the Earth's 
axis to that of the ecliptic. Near the 
bottom of the Earth's axis is a Dial Plate 
(Ns g.) having an index pointing to the 
1 of the day, as the Earth turns 
re und its axis. 


Round 
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Round the Earth is a ring, ſupported 
by two ſmall pillars, which ring repre- 
{ents the Orbit of the Moon, and the di- 
viſion upon it anſwers to the Moon's la- 
titude; the motion of this ring repre- 
ſents the motion of the Moon's Orbit, 
according to that of the Nodes. Within 
this ring is the Moon (N? $5.) having 
a black cap or caſe, which by its mo- 
tion, repreſents the Phaſes of the Moon 
according to her age. Without the 
Orbits of the Earth and Moon 1s Mars 
(Ns 6.) The next in order to Mars is 
Jupiter, and his four Moons (N* 7); 
each of theſe moons 1s ſupported by a 
crooked wire fixed in a ſocket, which 
turns about the pillar that ſuppo: ts Ju- 
piter. Thele ſatellites may be turned by 
the hand to any poſition; and yet when 
the machine is put in motion, they wall 
all move in their proper times. The out- 
ermoſt of all is Saturn, and his five Moons 
(N* 8.) Theſe moons are ſupported and 
contrived after the ſame manner with 
thoſe of Jupiter. The whole machine 
is put into motion by turning a ſmall 
winch (like the key of a clock, N* 14.) 
and all the inſide work is ſo truly 
wrought, that it requires but very {mall 
ſtrength to put the whole motion. 


| +. MS Above 
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Above the handle there 1s a cylin- 
drical pin, which may be drawn a little 
out, or puthed in, at pleaſure: when it 
is puſhed in, all the Planets, both pri- 
mary and ſecondary, will move accord- 
ing to their reſpective periods, by turn- 
ing the handle: When it is drawn out, 
the motions of the Satellites of Jupiter 
and Saturn will be ſtopped, while all the 
reſt move without interruption. This 1s 
a very good contrivance to preſerve the 
inſtrument from being clogged by the 
{wift motions of the wheels belonging 
to the Satellites of Jupiter and Saturn, 
when the motions of the reſt of the Pla- 
nets are only conſidered. 


There is alſo a braſs lamp having two 
convex glaſſes, to be put in the room 


Of the Sun; and alſo a imaller Earth and 


Moon, made ſomewhat in proportion to 


their diſtance from each other, which 


may be put on at pleaſure. 


The lamp turns round in the ſame 
time with the Earth, and by means of 
the glaſſes caſt a ſtrong light upon her; 
and when the {ſmaller Earth and Moon 


are placed on, it will be eaſy to ſhew 


when either of them may be eclipſed. 
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Having thus given a brief deſcription 
of the outward part of this machine, I 


ſhall next give an account of the phæ- 


nomena explained by it, when it is put 
into motion. 


IJ. Of the Motions of the Planets in ge- 


neral. 


Having put on the handle, puſh in 
the pin which is juſt above it, and place 
a ſmall black patch (or bit of wafer) 
upon the middle of the Sun (for in- 
ſtance) right againſt the firſt degree of 
4; you may alſo place patches upon 
Venus, Mars, and Jupiter, right againſt 
ſome noted point in the ecliptic. If you 
lay a thread from the Sun to the firſt 
degree of , you may ſet a mark where 
it interſects the orbit of each Planet, 
and that will be a help to note the time 
of their revolutions. 


One entire turn of the handle anſwers 


to the diurnal motion of the Earth 
round her axis, as may be ſeen by the 
motion of the hour index, which 1s pla- 
ced at the foot of the wire on which 
the terella is fixed, When the index 
has moved the ſpace of ten hours, you 
may obſerve that Jupiter has made one 

4 revo- 
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revolution compleat round its axis; the 
handle being turned until the hour in- 
dex has paſſed over 24 days, 8 hours, 
will bring the patch upon Venus to its 
former ſituation with reſpect to the 
ecliptic, which ſhews that 2 has made 
one entire revolution round her axis. 
Mars makes one compleat revolution 
round its axis in 24 hours and about 
40 minutes. When the handle is turn- 
ed 25 times round, the {ſpot upon the 
Sun will point to the ſame degree of 
the ecliptic, as it did when the inſtru- 
ment was firſt put into motion. By 
obierving the motions of the ſpots upon 
the ſurface of the Sun, and of the Pla- 
nets in the heavens, their diurnal mo- 
tion was diſcovered; after the ſame 
manner as we do here obſerve the mo- 
tions of their repreſentatives, by that of 
the marks proce upon them. 


If while you turn the handle you ob- 
ſerve the Planets, you will ſee them per- 
form their motions in the ſame relative 
times as they really do in the heavens, 
each making its period in the times 
mentioned in the Tables, Page, 28. 
27 turns of the handle will bring 
the Moon round the Earth, which is 
calied A Periodic Month; and all the 
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while ſhe keeps the ſame face towards 
the Earth; for the Moon's annual and 
diurnal motion are performed both in 
the ſame time nearly, ſo that we al- 
ways ſee the ſame face or fide of the 
Moon. | 


If before the inſtrument 1s put into 
motion, the ſatellites of Jupiter and 
Saturn be brought into the {ame right 
line from their reſpective primaries, you 
will fee them, as you turn the handle, 
immediately diſperſed from one another, 
according to their difterent celerities. 
Thus one turn of the handle will bring 
the firſt of Jupiter's Moons about + 
part round Jupiter, while the ſecond 
has deſcribed but + part, the third but 
above , and the fourth not quite .* 


I 6 


part, each of its reſpective orbits. If you 
turn the handle until the hour index 
has moved 18 © hours moe, the firſt 
ſatellite will then be brought into its 
tormer poſition, and fo has made one 
entire revolution; the {ccond at the ſame 
time will be almoſt diametricaily op- 
polite to the firſt, and fo has made a lit- 
tle more than half of one revolution; 
the others will be in different aſpects, 
according to the length of their periods, 
as will be plainly exhibited by the in- 
| | ſtru— 
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ſtrument. The ſame obſervations may 
be made with reſpect to the ſatellites 
of Saturn. 


The machine is ſo contrived, that 
the handle may be turned cither way; 
and, if before you put it into motion, 
you obſerve the alpect (or ſituation 
with reſpect to each other) ot the Pla- 
nets, and then turn the handle round 
any number of times; the lame num- 
ber of revolutions being made back- 
wards, will bring all the Planets to their 
former ſituations. I {hall next proceed 
to particulars, 


Of the Stations and Retrogradations of 
the Planets. 


The primary Plancts, as they all turn 
round the Sun, at different diſtances, 
and in different times, appear to us 
from the Earth to have different moti- 
ons; as ſometimes they appear to move 
from Weſt to Eaſt, according to the or- 
der of the ſigns, which 1s called their 
Direct Motion; then by degrees they 
tlacken their pace, until at laſt they loſe 
all their motion, and become Stationary, 
or not to move at all; that is, they ap- 


Tear in the ſame place with reſpect to 
the 
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the fixed Stars for ſome time together; 
after which they again begin to move, 
but with a contrary direction, as from 
Eaſt to Weſt, which is called their Ne- Rerograce 
trograde Motion; then again they be- es of 
come ſtationary, and afterwards rea- 4. 
ſume their direct motion. The reaſon 

of all theſe appearances is very evidently 

ſhewn by the Orrery. 


Of the Stations, &c. of the Inferior 
Planets. 


We {hall inſtance in the Planet Mer- 
cury, becauſe his motion round the Sun 
differs more from the Earth's than that 
of Vruus does. 


When Mercury is in his ſuperior con- 
junction (or when he 1s in a direct line 
rom the Earth beyond the Sun) faſten 
a ſtring about the axis of the Earth, 
and extend it over Mercury to the eclip- 
tic; then turning the handle, keep the 
thread all the while extended over 8, 
and you will find it move with a direkt 
motion in the ecliptic, but continually 
flower, until Mercury has the greateſt 
elongation from the Earth. Near this 
poſition, the thread for ſome time will 
lay over Mercrry ithout being moved 

10 
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in the ecliptic, tho the Earth and Mer- 
cury both continue their progreſſive mo- 
tion in their reſpective orbits. When 
Mercury has got a little paſt this place, 
you will find the thread muſt be moved 
backward in the ecliptic, beginning firſt 
with a {low motion, and then faſter by 
degrees, until Mercury 1s in his inferior 
conjunction, or directly between the 
Earth and the Sun. Next this poſition 
of x , his retrograde motion will be the 
ſwifteſt; but he ſtill moves the ſame way, 
tho' continually flower, till he has again 
come to hs vicateſt elongation, where 
he will appear the ſecond time to be 
ſtationary; after which he begins to 
move forward, and that faſter by de- 
grees, until he is come to the ſame po- 
ſition with reſpect to the Earth, that 
he was in at firſt. The ſame obſerva- 
tions may be made relating to the mo- 
tions of Venus. In like manner the dif- 
ferent motions obſerved in the ſuperior 
Planets may be alſo explained by the 
Orrery, It you extend the thread over 
Jupiter, and proceed after the ſame 
manner as before we did in regard to 
Mercury, you weill find that from the time 
Jupiter is in conjunction with the Sun, 

his motion is direct, but continua n 
flower, until the Earth is nearly in a 
qua- 
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quadrate aſpect with Jupiter, near which 
poſition Jupiler ſeems to be ſtationary: 
After which he begins to move, and 
continually mends his pace, until he 
comes in oppoſition to the Sun, at which 
time his retrograde motion is ſwifteſt. 
He ſtill ſeems to go backward, but 
with a ſlower pace, till the Earth and 
he are again in a quadrate aſpect, where 
Jupiter ſeems to have loſt all his motion; 
after which he again reſumes his direct 
motion, and ſo proceeds faſter by de- 
grees, till the Earth and he are again in 
oppoſition to each another, 


Theſe different motions obſerved in Peg. 
the Planets, are eaſily illuſtrated, as fol-Fg. :- 


loweth: The leſſer circle round the Sun 
is the orbit of Mercury, in which he 
performs his revolution round the Sun, 
in about three months, or while the 
Earth is going thro' © part of her orbit, 
or from A to N. The numbers 1, 2, 
3, Sc. in the orbit, of Mercury, ſhow 
the ſpaces he deſcribes in a week near- 
ly, and the diſtance AB, BC, DC, Ge. 
in the Earth's orbit, do likewiſe ſhow 
her motion in the ſame time. The 
letters A, B, C, Sc. in the great orb, 
are the motions of Mercury in the Hea- 
vens, as they appear from the Earth. 

Now 
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Now if the Earth be ſuppoſed in A, 
and Mercury m 12, near his ſuperior 
conjunction with the Sun; a ſpectator 
on the Earth will fee 8, as if he were in 
the point of the Heavens A, and while 
$ is moving from 12 to 1, and from 1 
to 2, &c. the Earth in the ſame time 
alſo moves from A to B, and from B to 
C, Sc. All which time s appears in 
the Heavens to move in a direct motion 
from A to B, and from B to C, Sc. but 
gradually ſlower, until he arrives near 
the point G; near this place he ap- 
pears ſtationary, or to ſtand ſtill; and 
afterwards (tho' he ſtill continues to 
move uniformly in his own orbit, with 
a progreſſive motion) yat in the ſphere 
of the fixed Stars he will appear to be re- 
trograde, or to go backwards, as from G 
to , from H to 1, &c. until he has ar- 
rived near the point L, where again he 
will appear to be ſtationary; and after- 
wards to move in a direct motion from 


L to M, and from M to N, Sc. 


What has been here ſhewed concern— 
ing the motions of Mercury, is alſo to 
be underſtood of the motions of Venus; 
but the conjunctions of Venus with the 
Sun do not happen fo often as in Mer- 
try; for Venus moving in a larger orbit, 
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and much ſlower than Mercury, does not 
ſo often overtake the Earth. But the 
retrogradations are much greater in Ve- 
nus than they are in Mercury, for the 
ſame realons. 


The innermoſt circle repreſents the 


Earth's orbit, divided into 12 parts, an- #4. s. 


ſwering to her monthly motion; the 
greateſt circle is in the orbit of Jupiter, 
which he deſcribes in about 12 years; 
and therefore the , thereof, from A to 
N, defines his motion in one of our 
years nearly; and the intermediate di- 
viſions, A, B, C, Sc. his monthly mo- 
tion. Let us ſuppoſe the Earth to be 
in the point of her orbit 12, and Ju- 
piter in A, in his conjunction with the 
Sun; it is evident that from the Earth 
Jupiter will be ſeen in the great orb, 
or in the point of the Heavens A, and 
while the Earth is moving from 12 to 1, 
2, Fc. u allo moves from A to B, Se. 
all which time he appears in the Hea- 
vens to move with a direct motion 
from A to B, C, &c, until he comes in 
oppoſition to the Earth near the point 
of the Heavens E, where he appears to 
be ſtationary; after which 4% again 
begins to move (tho' at firſt with a flow 
pace) from E through F, H, I to K, 

where 
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where again he appears to ſtand ſtill, 
but afterwards he reaſſumes his direct 
motion from I thro' K, to M, Sc. 


From the conſtruction of the preced- 
ing figure it appears, that when the ſu- 
perior Planets are in conjunction with 
the Sun, their direct motion is much 
quicker than at other times; ; and that 
becauſe they really move from Welt to 
Eaſt, while the Earth in the oppoſite 
part of the Heavens is carried the ſame 
way, and round the ſame center. This 
motion afterwards continually flackens, 
antil the Planet comes almoſt in op- 
poſition to the Sun, when the line 
joining the Earth and Planet, will con- 
tinue for ſome time nearly parallel to 
itſelf, and fo the Planet ſeems from the 
Earth to ſtand ſtill; after which, it be- 
gins to move with a flow motion back- 
ward, until it comes into a quartile aſ- 
pect with the Sun, when again it will 
appear to be ſtationary, for the above 
reaſons; after that it will reſume its di- 
rect motion, until 1t comes into a con- 
junction with the Sun, then it will pro- 
ceed as above explained. Hence it alſo 
appears, that the retrogradations of tlie 
ſuperior Planets are much flower than 
their direct motions, and their conti- 
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nuance much ſhorter; for the Planet, 
from its laſt quarter, until it comes in 
oppoſition to the Sun, appears to move 
the ſame way with the Earth, by whom 
it is then overtaken: After which it 
begins to go backwards, but with a flow 
motion, becauſe the Earth being in the 
ſame part of the Heavens, and moving 
the ſame way that the Planet really does, 
the apparent motion of the Planet back- 
wards, muſt thereby be leſſened. 


What has been here ſaid concerning 
the motions of Jupiter, is alſo to be un- 
derſtood of Mars and Saturu. But the 
retrogradations of Saturn do oftener 
happen than thoſe of Jupiter, becauſe 
the Earth oftener overtakes Saturn; and 
for the ſame reaſon, the regreſſions of 
Fupiter do oftener happen than thoſe of 
Mars. But the retrogradations of Mars 
are much greater than thole of Jupiter, 
whoſe are alſo much greater than thoſe 
of Saturn. 


In either of the ſatellites of Jupiter 
or Saturn, theſe different appearances 
in the neighbouring Worlds are much 
oftener ſeen than they are by us in the 
primary Planets. 


We 
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We never obſerve theſe different mo- 
tions in the Moon, becauſe ſhe turns 
round the Earth as her center; neither 
do we obſerve them in the Sun, becauſe 
he is the center of the Earth's motion; 
whence the apparent motion of the Sun 


always appears the ſame way round the 
Earth, 


Of the Annual and Diurnal Motion of the 


Earth, and of the increaſe and decreaſe 
of Days and Nights. 


The Earth in her annual motion 
round the Sun, has her axis always in 
the ſame direction, or parallel to itſelf; 
that is, if a line be drawn parallel to the 
axis, while the Earth is in any point of 
her orbit, the axis in all other poſitions 


of the Earth will be parallel to the ſaid 


line. This paralleliſm of the axis, and 
the ſimple motion of the Earth in the 
ecliptic, ſolves all the phenomena of dif- 
ferent ſeaſons. "Theſe things are very 
well illuſtrated by the Orrery. 


If you put on the lamp in the place 
of the Sun, you will ſee how one half of 
our globe 1s always illuminated by the 
Sun, While the other hemiſphere re- 
mains in darkneſs; how Day and Night 

are 
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are formed by the revolution of the 
Earth round her axis; for as ſhe turns 
from Weſt to Eaſt, the Sun appears to 
move from Eaſt to Weſt. And while 
the Earth turns in her orbit, you may 
obſerve that her axis always points the 
ſame way, and the ſeveral ſeaſons of the 
year continually change. 


To make theſe things plainer, we will 
take a view of the Earth in different 
parts of her orbit. 


When the Earth 1s in the firſt point 
of Libra (which is found by extending a 
thread from the Sun, and over the 
Earth, to the ecliptic) we have the 
Vernal Equinox, and the Sun at that 
time appears in the firſt point of . 
In this poſition of the Earth, two Poles 
of the world are in the line ſeparating 
light and darkneſs; and as the Earth 
turns round her axis, juſt one half of 
the equator, and all its parallels, will be 
in the light, and the other half in the 
dark; and therefore the days and nights 
mult be every where equal. 


As the Earth moves along in her or- 
bit, you will perceive the North Fole ad- 
vances by degrees into the illuminated 

O2 he- 
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hemiſphere, and at the ſame time the 
South Pole recedes into darkneſs; and 
in all places to the Northward of the 
equator, the days continually lengthen, 
while the contrary happens in the South- 
ern parts, until at length the Earth is ar- 
rived in Capricos „1. In tis poſition of 
the Earth all the ſpace included within 
the arctic circle falls wholly within the 
light, and all the oppoſite part lying 
within the antarctic circle, is quite in- 
volved in darkneſs. In all places between 
the cquator and the arctic circle, the 
days are now at the longeſt, and are 
gradually longer, as the place are more 
remote from the equator. In the South- 
ern hemiſphere there 1s a contrary effect. 
All the while the Earth is travelling from 
Capricorn towards Aries, the North Pole 
gradually recedes from the light, and the 
South Pole approaches ncarer to it; the 
days in the Northern hemiſphere gra- 
dually decreaſe, and in the Southern he- 
miſphere they increaſe in the {ame pro- 
portion, until the Earth be arrived in v; 
then the two Poles of the world he ex- 
actly in the line ſeparating light and 
darknels, and the days are equal to the 
nights in all places of the world. As 
the Earth advances towards Cancer, the 
North Pole gradually recedes from the 
light, 
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light, while the Southern one advances 
into it, at the ſame rate. In the North- 
ern hemiſphere the days decreaſe, and 
in the Southern one they gradually 
lengthen, until the Earth being arrived in 
Cancer, the North frigid Zone is all in- 
volved in darkneſs, and the South frigid 
Zone falls intirely within the light; the 
days every where in the Northern hemi- 
ſphere are now at the ſhorteſt, and to 
the Southward they are at the longeſt. 
As the Earth moves from hence towards 
Libra, the North Pole gradually ap- 
proaches the light, and the other recedes 
trom it; and in all places to the North- 


ward of the equator, the days nowlength- 


en, while in the oppoſite hemiſphere they 
gradually ſhorten, until the Earth has 
gotten into ; in which poſition the days 
and nights will again be of equal length 
in all parts of the world. 


You might have obſcrved that in all 
poſitions of the Earth, one half of t the 
equator was in the light, and the othe 
half in darkneſs; whence under the 
_ equator, the days and nights are always 
of the {ame leng th: And all the while 
the Earth was going from towards , 
the North Pole was conſtautly illu- 

minated, and the South Pole all the 
0 3 while 
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while in darkneſs; and for the other half 
year, the contrary. Sometimes there is 
a ſemicircle exactly facing the Sun, fixed 
over the middle of the Earth, which 
may be called the horizon of the disk: 
This will do inſtead of the lamp, if that 
half of the Earth which is next the Sun 
be conſidered, as being the illuminated 
hemiſphere, and the other half, to be 
that which lies in darkneſs.  _ 


The great circle v, &, n, Sc. repre- 
ſent the Earth's annual orbit; and the 
four leſſer circles ESQC, the ecliptic, 
upon the ſurface of the Earth, coincid- 
ing with the great ecliptic in the Hea- 
vens. Theſe four leſſer figures repre- 
ſent the Earth in the four cardinal points 
of the ccliptic, P being the North Pole of 
the equator, and p the North Pole of 
the ecliptic; SPC, the ſolſtitial colure 
which is always parallel to the great ſol- 
ſtitial colure s © & in the Heavens; 
E PQ the equinoctial colure. The o- 
ther circles paſſing thro' P, are meridians 
at two hours diſtance from op? ano- 
ther; the ſemicircle Eis the North- 
ern half of the equator; the parallel 
circle touching the ecliptic in 8, is the 
tropic of Cancer; the dotted circle, the 
parallel of London, and the ſmall cir- 
* „ 5 | | cle 
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cle, touching the Pole of the ecliptic, 
is the Arctic Circle The ſhaded part, 
which is always oppoſite to the Sun, 
is the obſcure hemiſphere, or that 
which lies in darkneis; and that which 
is next the Sun, is the illuminated he- 
miſphere. 


If we ſuppoſe the Earth in , ſhe will 
then ſee the Sun in v (which makes our 
vernal equinox) and in this polition the 
circle bounding light and darkneſs, 
which here is SC, paſſes thro' the Poles 
of the World, and biſects all the paral- 
lels of the equator; and therefore the 
diurnal and nocturnal arches, or the 
length of the days and nights, are equal 
in all places of the world. 


But while the Earth in her annual 
courſe, moves through m, f, to , the 
line SC, keeping ſtill parallel to itſelf, 
or to the place where it was at firſt, 
the Pole P will, by this motion, gradu- 
ally advance into the illuminated hemi- 
ſphere; and alſo the diurnal arches of 
the parallels gradually increaſe, and con- 
ſequently the nocturnal ones decreaſe in 
the ſame proportion, until the Earth 
has arrived into g; in which poſition 
the Pole P, and all the ſpace within the 

O 4 arc- 
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arctic circle, fall wholly within the il- 
luminated hemiſphere, and the diurnal 
arches of all the parallels that are with- 
out this circle, will exceed the nocturnal 
arches more or leſs, as the places are 
nearer to, or farther off from it, until 
the diſtance from the Pole is as far as 
the equator, where both theſe arches 
are always equal. 


Again, while the Earthis moving from 
yy through æ, x, to „, the Pole P begins 
to incline to the line, diſtinguiſhing 
light and darknefs, in the fame pro- 
portion that before it receded from it; 
and coniequently the diurnal arches 
gradually leſſen, until the Earth has 
arrived into , where the Pole P will 
again fall on the horizon, and ſo cauſe 
the days and nights to be every where 
equal. But when the Earth has pailed 
r, While ſhe is going thiro' 8, and u, Gc. 
the Pole P will begin to fall in the ob- 
icure hemiſphere, and ſo recede gradu- 
ally from the light, until the Earth is 
arrived in 2s; in which poſition not 
only the Pole, but all the pace within 
the arctic circle, are involved in dark- 
nels, and the diurnal arches of all the 
parallels, without the arctic circle, are 
equal to the nocturnal arches of the 
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{ame parallels, when the Earth was in 
the oppoſite point yy; and it is evident 
that the days are now at the ſhorteſt, 
and the nights the longeſt. But when 
the Earth has paſt this point, while ſhe 
is going through & and m, the Pole P 
will again gradually approach the light, 
and ſo the diurnal arches of the paral- 
{els gradually lengthen, until the Earth 
is arrived in Aa; at which time the days 
and nights will again be equal in all 
places of the World, and the Pole itſelf 
juſt ſee the Sun. 


Here we only conſidered the phxno- 
mena belonging to the Northern paral- 
tels; but if the Pole P be made the South 
Pole, then all the parallels of Jatitude 
will be parallels of South latitude, and 
the days, every where, in any poſition 
of the Earth, will be equal to the nights 
of thoſe a lived in the oppoſite hemi- 
iphere, under the {ame parallels, 


Of the Phaſes of the Moon, and of her 
Motion in her Orbit. 


The orbit of the Moon makes an 
angle with the plane ot the ecliptic, of 
above 5. degrees, and cuts it into two 
points, diametrically oppoſite (after the 

ſame 
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ſame manner as the equator and the 

ecliptic cut each other upon the globe, 

in + and ) which points ate called the 

Nedss, Nodes; and a right line joining theſe 

points, and paſſing through the center 

of the Earth, is called the Line , the 

Nodes. That nude where the Moon 

begins to aſcend Northward above the 

plane of the ecliptic, is called the A, 

Drager's Cending Node, and the Head of the Dra- 

Head. gon, and is thus commonly marked 8, 

The other node from whence the Moon, 

deſcends to the Soutward of the eclip- 

tic, is called the Deſcending Node, and the 

"5% al Dragon's Tail, and is thus marked &. 

The line of nodes continually ſhifts 

itſelf from Eaſt to Weſt, contrary to the 

Reregraz,Order of the figns; and with this re- 

Marien of trograde motion, makes one revolution 

the Nodes. round the Earth, in the ſpace of about 
19 years. 


The Moon deſcribes its orbit round 

the Earth in the ſpace of 27 days and 

hours, which ſpace of time is called 

Periodical a Periodical Month; yet from one con- 

— junction to the next, the Moon ſpends 

$2. 29 days and a half, which is called a 
yoda. i 

Math, Synodical Month; becauſe while the Moon 

in her proper Orbit finiſhes her courſe, 

tte Earth advances near a whole fign 

In 
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in the ecliptic; which ſpace the .Moon 
has ſtill to deſcribe, betore ſhe will be 
ſeen in conjunction with the Sun. 


When the Moon is in conjunction 
with the Sun, note her place in the 
ecliptic; then turning the handle, you 
will find that 27 days and 7 hours will 
bring the Moon to the ſame place; and 
after you have made 22 revolutions 
more, the Moon will be exactly betwixt 
the Sun and the Earth. 


The Moon all the while keeps in her 
orbit, and ſo the wire that ſupports 
her continually riſes or falls in a ſocket, 
as ſhe changes her latitude; the black 
cap ſhifts itſelf, and ſo ſhews the pha- #542 
ſes of the Moon, according to her age,” 
or how much of her enlightened part is 
ſeen from the Earth. In one ſynodical 
month, the line of the nodes moves 
about 1. degree from Welt to Eaſt, 
and ſo makes one entire revolution in 
19 years. | 


Let AB be an arch of the Earth's or- 
Hit, and when the Earth 1s in T, let the 
Moon be in N, in conjunction with the 
Sun in S, while the Moon 1s defcribing 
her orbit NAFD, the Earth will de- 
72 N 1 ſcribe 
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ſcribe the arch of her orbit T 7; and 
when the Earth has got into the point t, 
the Moon will be in the point of her 
orbit zz, having made one compleat re- 
volution round the Earth. But the 
Moon, before ſhe comes in conjunction 
with the Sun, muſt again deſcribe the 
arch 2 o; which arch is ſimilar to Tf. 
becauſe the lines FN, /n, are parallel; 

and becauſe, while the Moon deſcribes 
the arch » o, the Earth advances forward 
in the ecliptic; the arch deſcribed by the 
Moon, after ſhe has finiſned her perio— 
dical month, before ſhe makes a ſyno- 
dical month, muſt be ſomewhat greater 
than no. To determine the mean length 
of a {ynodical month, find the diurnal 
motion of the Moon {or the ſpace ſhe 
deſcribes round the Earth in one day) 
and likewiſe the diurnal motion of the 
Earth; then the difference betwixt the 
two motions, 1s the apparent motion of 
the Moon round the Earth in one day; 
then it will be, as this differential arch 
is to a whole circle; ſo is one day to 
that ſpace of time wherein the Moon 
appears to deſcribe a compleat circle 
round the Earth, which is about 29 

days. But this is not always a true 


Liiuation, for the motion of the Moon 


is lometimes faſter, and ſometimes flow-- 


er, 
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er, according to the poſition of the Earth 
in her orbit. 


In one ſynodical month the Moon 
has all manner of aſpects with the Sun 
and Earth, and becauſe ſhe is opaque, 
that face of hers will only appear bright 
which is towards the Sun, while the op- 
poſite remains in darkneſs. But the 
inhabitants of the Earth can only ſee 
that face of the Moon which 1s turned 
towards the Earth; and therefore, ac- 
cording to the various poſitions of the 
Moon, in reſpect of the Sun and Earth, 
we oblerve different portions of her illu- 
minated face, and ſo a continual change 
in her * Phaſes. 


Let S be the Sun, RTV an arch of 
the Earth's orbit, T the Earth, and the 
circle ABCD, Sc. the Moon's orbit, in 
which the turns round the Earth in the 
ipace of a month; and let A, B, C, &c. 
be the centers of the Moon in different 
parts of her orbit. 


Now it with the lines S A, S B, &c. 
we jom the centers of the Sun and 
Moon, 


Pas of the Moon ate thoit different appearances 
xe oblerve in her, accurding to her poſition p reſpett 
to the Sun and tartk. 
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Moon, and at right angles to theſe draw 
the lines H O; the ſaid lines H O will 
be the circles that ſeparate the illumi- 
nated part of the Moon from the dark 
and obſcure. Again, 1f we conceive 
another line I L to be drawn at right 
angles to the lines TA, TB, Sc. paſ- 
ſing from the center of the Earth to the 
Moon, the ſaid line I L will divide the 
viſible hemiſphere of the Moon, or that 
which is turned towards us, from the in- 
viſible, or that which 1s turned from us; 
and this circle may be called the Circle 


of Viſion. 


Nov it is maniteſt, that whenever the 
Moon is in the poſition A, or in that 
point of her orbit which is oppoſite to 
the Sun, the circle of viſion, and the 
circle bounding light and darknels, do 
coincide, and all the illuminated face of 
the Moon is turned towards the Earth, 
and is viſible to us; and in this poſition 
3.01 Mn the Aſcon is ſaid to be full. But when 
the Moon arrives to B, all her illumi- 
nated face 1s then not towards tke Earth, 
there being a part of it, HBI, not to be 
ſeen by us; and then her viſible face is 
deficient from a circle, and appears of 
a gibbous form, as in B. Fig. 3. Again 
when ſhe arrives to C, the two tore- 
men- 
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mentioned circles cut each other at right 


angles, and then we obſerve a half Moon, i 
as in C, Fig. 3. And again the illu- ier. 


minated face of the Moon 1s more and 
more turned from the Earth, until ſhe 
comes to the Point E, where the circle 
of viſion, and that bounding light and 
darkneſs, do again coincide. Here the 
Moon diſappears, the illuminated part 
being wholly turned from the Earth; 
and the is now ſaid to be in Conjunction 
with the Sun, becauſe ſhe is in the ſame 
direction from the Earth that the Sun is 


in, which poſition we call a New Noon. me, 
When the Moon is arrived to F, ſhe” 


again aſſumes a horned figure, but her 
horns (which before the change were 
turned Weſtward) have now changed 
their poſition, and look Eaſtward. When 
ſhe has arrived to a quadrate aſpect at 
G, ſhe will appear biſſected, like a half 
Moon, afterwards ſhe will ſtill grow big- 
ger, until at laſt ſhe comes to A, where a- 
gain ſhe will appear in her full ſplendor. 


The ſame appearances which we ob- 
ſerve in the Moon are likewiſe obſerved 


by the Luzarians in the Earth, our Earth | 


being a Moon to them, as their Moon. 
is to us; and we are obſerved by them to 
be carried round in the ſpace of time 


that 
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that they are really carried round the 
Earth But the fame phaſes of the 
Earth and Moon happen when they are 
in contrary poſition; for when the Moon 
is in conjunction to us, the Earth is then 
in oppoſition to the Moon, and the Lu- 
narians have then a full Earth, as we in 
a ſimilar poſition have a full Moon. 
When the Moon comes in oppoſition to 
the Sun, the Earth, ſeen from the Moon, 
will appear in. conjunction with her, 
and in that poſition the Earth will diſ- 
appear; afterwards ſhe will aſſume a 
horned figure, and ſo ſhew the ſame 


phaſes to the inhabitants of the Moon 
as the does to us. 


Of the Eclipſes of the Sun and Moon. 


An Echp/e is that deprivation of light 
in a Planet, when another is interpoſed 
betwixt it and the Sun. Thus, an 
echpie of the Sun is made by the in- 
te; poſition of the Moon at her con- 
junction, and an eclipſe of the Moon is 
occaſioned by the ſhadow of the Earth 
falling upon the Moon, when ſhe is in 
oppoſition to the Sun. 


Let S be the Sun, T the Earth, and 
ABC its ſhadow; now if the Moon, 


when 
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when ſhe is in oppoſition to the Sun, 
ſnould come into the conical ſpace ABC, 
ſhe will then be deprived of the ſolar Luna 
light, and fo undergo an eclipſe. Eclip/e. 


In the ſame manner, when the ſha- 
dow of the Moon falls upon the Earth 
(which can never happen but when the 
Moon is in conjunction with the Sun) 
that part upon which the ſhadow falls 
will be involved in darkneſs, and the % 
Sun eclipſed. But becauſe the Moon is Fel- 
much leſs than the Earth, the ſhadow 
of the » cannot cover the whole Earth, 
but only a part of it. Let S be the Sun, Fg. 
T the Earth, ABC the Moon's orbit, 
and L the Moon in conjunction with 
the Sun: Here the ſhadow of the Moon 
falls only upon the part DE of the 
Earth's ſurface, and there only the Sun 
15 intirely hid: but there are other parts 
EF, DG, on each fide of the ſhadow, 
where the inhabitants are deprived of 
part of the Solar rays, and that more 
or leſs, according to their diſtance from 
the ſhadow. Thoſe who live at II and I 
will ſee half of the Sun eclipſed, but in 
the ſpaces FM, GN, all the Sun's body 
will be viſible, without any eclipſe. 
From the preceding figure 1t appears, 
that an eclipſe of the Sun does not reach 
5h a 
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a great way upon the ſuperficies of the 
Earth; but the whole body of the Moon 
may ſometimes be involved in the 

Earth's ſhadow. | 


Although the Moon ſeen from the 
Earth, and the Earth ſeen from the 
Moon, are each alternately, once a 
month, in conjunction with the Sun; 
yet, by reaſon of the inclination of the 
Moon's orbit to the ecliptic, the Sun is 
not eclipſed every new Moon, nor the 
Moon at every full. Let T be the 
Earth, DTE an arch of the ecliptic, A 
LBF, the Moon's orbit, having the 
Earth T, in its center; and let AGBC 
be another circle coinciding with the e- 
cliptic, and A, B, the nodes, or the two 
points where the Moon's orbit and the 
ecliptic cut each other. A the aſcend- 
ing node, and B the deſcending node. 
The angle GAL equal to GBL, is the 


inclination of the Moon's orbit to the 


echptic, being about 5 degrees. Now 
a ſpectator from the Earth at T, will 
obſerve the Sun to move in the circle A 
GBC, and the Moon in her orbit ALBF; 
whence it is evident, that the Sun and 
Moon can never be ſeen in a direct line 
from the center of the Earth, but when 
the Moon is in one of the nodes A or B; 
and 


the ORRERV. 


and then only will the Sun appear 
centrally eclipſed, But if the conjunc- 
tion of the Moon happens when ſhe is 
any where within the diſtance Ac of the 
nodes, either North or South, the Sun 
will then be eclipſed, more or leſs, ac- 
cording to the diſtance from the node 
A, or B. If the conjunction happens 
when the Moon 1s in 6, the Sun will be 
then one half eclipſed; and if it happens 
when ſhe is in c, the Moon's limb will 
juſt touch the Sun's disk, without hid- 
ing any part of it. 


The ſhadow of the Earth at the place 
where the Moon's orbit interſects it, is 
three times as large as the Moon's dia- 
meter, as in Fig. 4. and therefore it of- 
ten happens that eclipſes of the Moon 
are total, when they are not central: 
And for the ſame reaſon the Moon may 
ſometimes be totally eclipſed for three 
hours together; whereas total eclipſes 
of the Sun can ſcarcely ever exceed four 
minutes. 


The eclipſes of the Sun and Moon are 
very well explained by the Orrery: Thus 
having put the lamp in the place of 
the Sun, and the little Earth and the 


little Moon in their proper places, in- 


P 2 ſtead 
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ſtead of the larger ones, let the room 
wherein the inſtrument ſtands be dark- 
ened; then turning the handle about, 
you will ſee wlien the conjunction of 
the Moon happens. When ſhe is in or 
near one of the nodes, her ſhadow will 
fall upon the Earth, and ſo deprive that 
part upon which it falls of the light of 
the Sun: If the conjunction happens 
wizen the Moon is not near one of the 
nodes, the light of the lamp will fall 
upon the Earth, either above or below 
the Moon, according to her latitude at 
that time. In like manner, when the 
full Moon happens near one of the 
noces, the {hadow of the Earth will fall 
upon che Moon; and if the Moon's la- 
titude be but ſmall, her whole face will 
be involved in darkneſs. At other times 

when the full Moon happens when ſhe 
is not near one of her nodes, the ſha- 
dow of the Earth will paſs either above 
or below the Moon, and ſo by that 


means the Moon will eſcape being 
ecuplcd, 


Of the Eclipfes of the Satellites of Jupiter, 


The apparent diameters of the infe- 
rior Planets are {o ſmall, that when they 
paſs berwixt us and the Sun, they only 


aAPDCar 


the ORRERY. 


appear like ſmall ſpots upon the Sun's 
ſurface, without depriving us of any ſen- 
ſible quantity of his light. The ſha- 
dow of the Earth likewiſe terminates 
before it reaches any of the ſuperior Pla- 
nets, ſo that they are never eclipſed by 
us; and the Earth when ſhe is in con- 
junction with the Sun, only appears like 
a black ſpot upon his ſurface. 


But Jupiter and his Moons mutually 
eclipſe each other, as our Earth and 
Moon do; as alſo doth Saturn and his 
Moons. The ſatellites of Jupiter be- 
come twice hid from us, in one circu- 
lation round u; vis. once behind the 
body of Jupiter, 7. e. when they are in 
the right line joining the centers of 
the Earth and u; and again they be- 
come inviſible when they enter the ſha- 
dow of Jupiter, which happens when 
they are at their Full, as ſeen from u, 
at which times they alſo ſuffer eclipſes; 
which eclipſes happen to them after the 
ſame manner as they do to our Moon, 
by the interpoſition of the Earth be- 
twixt her and the Sun. 


Let S be the Sun, ABT the Ea! ths Fi. ; 
orbit; and Cu D, an arch of 7p:tc;"'s 
orbit, in which let Jupiter be in the 


RF 3 point 
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point u; and let CFDH be the orbit of 
one of Jupiter s ſatellites, which we will 


here ſuppoſe to be the fartheſt from him. 


Theſe fatellites, while they movethro the 
inferior parts of their orbs, vig. from 
D thro' H, I, to C, ſeem from the Earth 
and the Sun to have a retrograde mo- 
tion; but when they are in the ſuperior 
part of their orbit, they are then ſeen to 
move from Weſt to Eaſt, according to 
their true motion. Now while they de- 
{cribe the ſuperior part of their orbits, 

they will be twice hid from the Earth, 

once in the ſhadow of u, and once be⸗ 
hind his body. If Jupiter be more 
Weſterly than the Sun, that is, when the 
Earth is in A, they will be firſt hid in 
the ſhacow F, and afterwards behind 
the body of à in G: But when the 
Earth is in B, then they are firſt hid be- 
hind 2's body in E, and afterwards fall 
into the ſhadow F. While the ſatel- 
lites deſcribe the inferior parts of their 
orbit, they only once diſappear, which 
may be either in I or H, according to 
the poſition of the Earth, in which pla- 
ces they cannot be diſtinguiſhed from 
the body of Jupiter. 


When the ſatellites ſeen from à are 
NY conjunction with the Sun, their ſha- 
| dows 
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dows will then fall upon u, and ſome 
part of his body be involved in dark- 


neſs, to which part the Sun will be to- 
tally eclipſed. 


By obſerving the eclipſes of W's 
ſatellites, 1 it was firſt diſcovered that ligh 
is not propogated 
though it moves with an incredible 
ſwiftneſs: For if light came to us in an 
inſtant, an obſerver in T will ſee an 
eclipſe of one of the ſatellites, at the 
ſame time that another in K would. But 
it has been found by obſervations, that 
when the Earth is in K, at her neareſt 
diſtance from Jupiter, theſe ecli pſes hap- 
pen much ſooner than when ſhe is in T. 
Now having the difference of time be- 
twixt theſe appearances in K and T, we 
may find the length of time the light 
takes in paſſing from K to T, which 
ſpace is equal to the diameter of the 
Earth's annual orb. By theſe kinds of 
obſervations it has been found, that 
light reaches from the Sun to us in the 
ſpace of eleven minutes of time, which 
is at leaſt at the rate of too, ooo miles 
in a ſecond. 
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Ditto, all in Braſs, from gl. 13s. 6d. to — 6 
Davies's Quadrant, from 128. to — — 1 
Cole's ditto, from 188. to 3 - 
Sutton's ditto — — —— 6 
Gunter's ditto, from gs. 6d. to — — 1 
Horizontal Sun Dials, for all Latitudes, from 5s. to 10 © 
Ring Dials, from 108. 6d. to — wb 
Azimuth Compaſſes, from 51. 5s. to 10 0 
Amplitude ditto, from 11. 7s. to — — 5 
Mariner's Compaſſes, either for the Cabin, or Bi- ? | 
nacle, from 7s. 6d, to — ang 13 
Pocket Compaſſes, from 18. to — 141 
Large Orreries, from gol. to — — 250 0 
Armillary Spheres, from 12l. to — — 50 0 
Seventeen inch Globes — 6 5 
Fifteen inch ditto — — — 3 5 
Twelve inch ditto — — 3 3 
Nine inch ditto — — 3 
Six inch ditto — — — 1 16 
Three inch ditto, in a caſe, from 8s. to — o 10 
Large double Barrell'd ſtanding air pumps — 25 0 
Apparatus to ditto, from gl. gs. to — 12 
Double Barrell'd table air pumps, with their 7 
paratus, from gl. 158. 6d, tio — — 2 


Single Barrell'd ditto — 
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Apparatus to ditto 2 
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box, c. from gl. 5s. to — — 
Barometers, from 11. 1s. to — conn 
Ditto & Thermometer, in one frame, fm. 1. 118. 6d. to 
Barometer, Thermometer, and Hydrometer, * 

one frame, from 21 128. 6d. to — 
Farenheit's Thermometers, in mahogany cales, 

from 11. 58. to — — — — 
Pocket ditto, in black caſes, from 128. to 
Spirit Thermometers, on box ſcales, for hot-houſes 
Mydrometers, in Ivory, from 4s. to 


Ditto, in copper, with weights, Sc. for n 


Spirits, from 11. 18. to — — 
Hydroſtatic Ballance, with apparatus, c. — 
Speaking Trumpets, from 10s. to — — 

caring ditto, from 7s. 6d. to — — 
Reflecting Teleſcopes, from 11, 168. to 
Refrafting ditto, of various lengths, with four or 

{ix glaſſes, from 7s. 6d. to ; 
Double reflecting Microſcopes, from gl. 13s. 6d, to 
Solar ditto, in Braſs, from 41. 4s, to | —— 
Wilſon's pocket ditto, from 11. 5s. to — 
Opake ditto, from 21, 128. 6d. to — — 
Cloth ditto, from gs. 6d. to — 
Flower ditto, from gs. 6d. to — — 


Diagonal Machines for viewing prints, from 168. to 
Large Book Camera Obſcura, from 41. 4s, to —— 
Box Camera Obſcura, from 1 os. 6d. to — 
Scioptric Ball and Socket, in Wood — 
Opera Glaſſes, from 3s. to - — — 
Proſpect ditto, from 8d. to — —— 
Magic Lanthorn, without objects, from 11, 18. to 
Magic Lanthorn ſliders, with objects, from gs. to — 
Mirrors, convex or concave, of all ſiges, in black : 
frames, from 10s, 6d, to — — 
Priſms, from bs. to — — 
Reading Glaſſes ſet in a variety of curious frames, 
from 2s. 6d. to r — 5 
Watchmaker's Glaſſes, in frames, from 18. t 
Concave ditto, for ſnort ſighted perſous. from is. bd. to 
SpeRacles ground on braſs tools, and ſet in ſilver, 
tortoiſe ſhell, horn, Sc. from 18. to —— 5 
Achromatic, Opera, andProſpeQ glaſſes, Im. 1 l. 18. to 


< 
Eleftrical Machines, in Braſs, with a 13 
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1 16 
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Achromatic 


Achromatic Teleſcopes of any length, at 11. 18. each foot. 
Gauging Rules, Carpenter's Rules, and all other kind ofRules, 
at the uſual Prices, | 


The Eleventh Edition of HAR RIS on the Globes, with the 
Deſcription and Uſe of the Orrery, gs. 6d, 

The Uſe of the Sector and plain Scale explained, 1s, 

The Uſe of HADILEv's Quadrant explained, 6d, 

A fine Print of the Orrery, on imperial paper, 2s, 

A ſmaller ditto, 6d, 


Variety of otherInſtruments too tedioustomention, are made 
and ſold at the above place: Where any Gentleman, by Letter, 
or other Directions, may depend on being as faithfully ſerved 
as if preſent. And as I have been long in the Wholeſale part 
of the Buſineſs, Merchants, Ic. may be ſure of being ſupplied 
on the Beſt Terms, As alſoby M. ALtisow, at Falmouth, 


—— — —— — 
- 


* — — — — 


| 
| 
þ 
| 
| 
| 


Achromatic Teleſcopes of any length, at 11. 18. each foot, 
Gauging Rules, Carpenter's Rules, and all other kind ofRules, 
at the uſual Prices, 


The Eleventh Edition of HAR RIS on the Globes, with the 
Deſcription and Uſe of the Orrery, 3s. 6d, 

The Uſe of the Sector and plain Scale explained, 18. 

The Uſe of HaDbIEv's kant explained, 6d. 

A fine Print of the Orrery, on imperial paper, 2s, 

A ſmaller ditto, 6d, 


Varietyof otherInſtruments tao tedioustomention, are made 
and ſold at the above place: Where any Gentleman, by Letter, 
or other Directions, may depend on being as faithfully ſerved 
as if preſent, And as I have been long in the Wholeſale part 
of the Buſineſs, Merchants, Fc. may be ſure of being ſupplied 
on the Beſt Terms. As alſo by M. ALitisow, at Falmouth, 
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